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PREFACE. 



The recent introduction of Logarithms into the test re- 
quired for admission to Addiscombe has induced the Author 
to publish the following treatise. It will be found useful, 
he hopes, not only to those who are seeking to enter the 
Bojal Indian College, but also to those who intend to 
continue, or complete, their mathematical studies. 

The body of the work will be sufficient for students who 
wish to acquire merely the power of applying Logarithms 
to arithmetical operations. The Appendices, at the end, 
are added for those who are desirous of learning the process 
of constructing Logarithms. For the understanding of the 
entire work no more previous mathematical knowledge is 
demanded than that of Arithmetic and the first principles 
of Algebra. -: . , 

It is perhaps unnecessary to say there is no pretence of 
novelty in the proofs : but the Author trusts that he has 
arranged the subject clearly. ai|d methodically, and that he 
has succeeded in furnishing a *i|^iceable, and a sufficiently 
copious, set of examples, ab^iit /the accuracy of which the 
utmost care has been taken, and to which there are given 
proper forms according to which the student may work. 

The advantage, indeed, of cultivating a neat and con- 
nected style of writing out logarithmic calculations cannot 
be too earnestly insisted on. It will be readily admitted 
by all who have been engaged either in teaching or in 
examining. The plan adopted in these pages is one that 
has been recommended by a practical acquaintance with* 
its usefulness. 

Addiscombe, Oct. 1859. 
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LOGAEITHMS 



CHAPTER I. 

6EKBRAL PROPERTIES OF LOGARITHMS. 

1. If tf * = wi, fl^ = n, a* = jt), &c. where a is a certain 
fixed number, and m, n, p, &c. are variable quantities, then, 

The corresponding values of x, y, z, &c. are called the 
logarithms of w, n, p, &c. respectively to the base a. 

This may also be expressed thus :— - 

X ■- log« m, y = log« n, z=. log„ p, &c. 

where m, n^ p^ &c. are called the natural numbers, 

a;, y, z, &c. their respective logarithms, 
and a the base of the system of logarithms. 

It will, of course, necessarily follow that 

X = log« {a% y = log„ (av), « = log« (a*)- 

2. Thus, if 8 were the base : 

since 3^ = 3, 32= 9, 3^ = 27, 3^ = 81, &c. 

we should say that 1, 2, 3, 4, &c. were the respective loga- 
rithms of 3, 9, 27, 81, &c. to the base % \ oi: n^^ \s:^.'^\."^^^^ 

1 = log, 3, 2 = logs 9^ 3 = \oga2l , ^ =\o%^'^^. ^'^' 

B 



2 ELEMENTABY TBEATISE ON LOGARITHMS. 

3* If the logarithms were given as integers, it would be 
easy enough to find the natural numbers. But it is generally 
required to find the logarithms when the natural numbers 
are given ; and that would not be always possible by means 
of the above expressions only. 

Thus, from the above equations, where the base is 3, we 
might at once say what is the value of the natural numbers 
corresponding to the successive logarithms, 1, 2, 3, &c. from 
the equations 

m = 31'= 3, « = 32 = 9, &c. 

But if the successive natural numbers, 1, 2, 3, &c. were 
given, it would not be so easy to determine x, y, z, &c. from 
the equations 

1 = 3* 2 = 3^, &c. 

And recourse must then be had to the two algebraic for- 
mulae known as the exponential and logarithmic series, of 
which an account will be given in the Appendices. 

4. In any system of logarithms, the logarithm of the base 
is always equal to 1, and the logarithm of 1 is- equal to 0. 

For, a^ = a and a® = 1, whatever be the value of a. 

Hence log^a = 1, and log^l = 0. 

5. In any system, the logarithm of the prodtcct of any 
numbers is equal to the sum of the logarithms of those 
numbers. 

Let a*=:m, av=inf «'=/?, &c. 
or a? = logoW, y = log« w^ « = logaP^ &c. 
then mxnxpx &c. =a''xayxa'x &c. 

or, by the usual definition of a logarithm, 

^ogalmxnxpx9sic,] = rc+y+af+&c. '' 

= Iogom+log^n-\-\ogaP-V^^. 
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6> In any system, the logarithm of the qiioHent of any 
two numbers is equal to the difference of their logarithms. 

Let a" = m, ay^^n, 

or a? = log« i», y = log„ «; 

then^=?!=a-y, 

= log««»--log««. 

7- In any system, the logarithm of sxij power of a number 
is equal to the logarithm of that number multiplied by the 
index of that power. 

Let a* = iw, 

or X = loga m : 

then mf =;: {a^J 

orloga(«»') = fa: 

= flog«»j. 

8- In any system, the logarithm of any root of a number 
is equal to the logarithm of that number divided by the 
index of that root. 



Let 


a* = 


m. 


or 


a? = 


loga«»; 


then 


(mf= 






— 


a' 



or log, 



>U0=7 



--log^m. 
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4 ELEMENTAKT TREATISE ON LOGARITHMS. 

9. It is on these expressions that the use of logarithms 
is founded; in performing multiplication of numbers by 
the addition of their logarithms, division by subtraction, 
involution by multiplication, and evolution by division. . 

10. Having given the logarithms of numbers to any base, 
to find the logarithms of the same numbers to any other 
base. 

Let a be the base of the system of given logarithms, b 
the base of the system of required logarithms, x and y the 
logarithms of the same number m to these bases re- 
spectively. 

Then «*=»» = ftv, 



X 



y=log«^ 

This quantity is called the Modulus of the system, 

loga^ 
whose base is b, relative to the system, whose base is a. 



11. To prove that logo^ x logj a = 1, 

let loga h^Xy and logj a^y, 
or a*= by and by = a; 

hence a = 6* = ft*', 

1 
or -=y, 

X 

xy=:l, 
logaftxlog6a= 1. 

T(9/?rovethat — ^^ = logo^> 

Jet logo m = 07, logi, m = y, aaSiVi^ci^ ^^^ *5 
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or a* = «i, ft*' = wi, and a' = ft, 



X=zyz 
X 

y 



X 

-=zz 



or 






12. To prove that logaO=-- oc, and that we cannot have 
the logarithms of negative quantities. 

— a = — = — =s 0^ 
a 
hence log^O = — oc. 

Also a^ cannot be any negative quantity, since a is posi- 
tive. Therefore we cannot express the logarithm of a 
negative quantity. 

13> Any number might be used as a base ; but there are 
only two bases which are really ever used. The one is a« 
number 2*7182818 .... which is denominated e, and is 
the base of what is called the Napierian or the natural 
logarithms, the advantage of which, as will be shown in 
the Appendix, consists in the ease with which logarithms 
are constructed to this base. 

The other base is 10, belonging to the common, or Briggs*, 
system of logarithms, the advantage of which is thus 
shown. 

Let us take any numbers, differing only in the position of 
the decimal points : — 

as 2345, 234-5, 2345, 2345 ; 
and 

let logio2345be known= 3*370143 ; 
then io«rjo234-5=logio-Yo', 

B 3 



6 IXEMENTABT TBEATISE ON LOGABITHMS. 

logio234-5 = logio2345 -log lo 10 (by Art. 6), 
= 3-370143-1 (by Art. 4), 
= 2-370143 ; 

logio23-45 = logio?f^, 

= logio2345-logio(10«), 

= logio 2345-2 logio 10 (by Art. 7), 

= 3-370143-2 

= 1-370143; 

logio2-345=logio^, 

= logio2345-logio(103), 
= 3-370143-3, 
= -370143. 
and so on. 

Hence, in tabulating these logarithms, it is sufficient to 
put logio2345 =370143, without considering the decimal 
point at all, and this number is then known as the decimal 
part of the logarithm of all numbers having the figures 
2345 ; the integral part being determined from other con- 
siderations, hereafter to be mentioned. (See Arts. 18 and 20.) 

And as this would not be the case in any other system 
than that whose base is 10, we immediately perceive why, 
in practice, the conmion system only is used. 

14> The method of computing these logarithms will be 
given in the Appendix IIL At present it may be enough to 
say that the Napierian logarithms are first calculated ; and 
then the common logarithms are obtained by multiplying by 
the modulus of the common system, which is represented by 

// = — I— = 1 ='434294. (^»^ATt.IO,\ 

^ logJO 2-302586 ^**^''^' v^awi^ v j 
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15. In the course of this work we shall use only common 
logarithms ; and, therefore, whenever log a occurs, we shall 
mean log^Qa, unless the contrary is specified. 



16. From the properties proved at Arts. 4 — 8, we are often 
enabled to find the logarithms of many numbers, when we 
have other logarithms given, without having recourse to the 
Tables. 

Thus : having given log 2=:-301030, and log 7= 845098, 
to find log 3-5, log 24-5, log 28, log 1960, and log 1-715. 



(1) 


3.5 = ^^=='^ 
10 2 




log 3-5 = log 7— log 2 




= -845098 --301030 




= -544068. 


(2) 


24.5^245 49 7« 
10 " 2 2 



log 24-5 = 2 log 7— log 2 

= 1-690196- -301030 
= 1-389166. 

(3) 28:=; 4x7 = 22x7 
log 28 = 21og2+log 7 

= -602060+- 845098 
= 1-447158. 

(4) 1960 = 7x10x28 = 72x22x10 
log 1960 =t 2 log 7+2 log 2+log 10 

= 1-690196 + -602060+1 
= 3-292256. 

r5^ 1.715 = ill^ = ?l?= -1' 

^ ^ 1000 200 2x102 

log 1-715 = 3 log 7-log 2-2 log 10 
= 2-535294- -SOIO^O—^ 
= -234264. 

B 4 



8 ELEMENTAKT TKEATISE ON LOGARITHMS. 

Examples.* 
I. 

(1) In a system, whose base is 5, to find the natural 
number, whose log is 4. 

(2) If 81 be a number calculated to two bases, 3 and 9 ; 
what is the ratio between the corresponding logarithms ? 

(3) If log 9 = '6, what is the base ? 

(4) Find log 256 to the base 2 a/2. 

(5) In the common system, find log -0001. 



(6) Given VlOOO = 31-62278, find log 31-62278. 

(7) Given log 2 = -301030, and log 9 = -954242, find 
log 6, log 405, log 4500, and log 32400. 

(8) Given log 8 = -903090, and log 9 = -954242, find 
log 12, and log 13-5. 

(9) Given log 2 = -301030, find log 25, and log 62500. 

no) Given log 2 = -301030, and log 15 = M76091, find 
log 3, and log 1-8. 

(11) Given log 98 = 1-991226, and log 112 = 2-049218, 
find log. 17-5. 

(12) The logarithm of a certain number to the base Zh n 
times the logarithm of the same number to the base 2 ; find h, 

(13) The logarithm of a certain number to the base 3 is 
a; find the logarithm of the same number to the base 5. 

(14) The product of two numbers is c, and the logarithm 
* No tables are to be used in this set o/i ^nvasx^^. 
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of the first to the base a is m times the logarithm of the 
second to the base b ; find the numbers. 

(15) In a geometrical progression, having given a, s, and 
r, to find n. 

(16) Given (o"» ) = b, to find x, 

(17) Given o!*' = y*, and x^ = y", to find x and t/. 

(18) Given a^xa^xa^^K a^ x &c. to n terms =/>, to find n. 
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CHAP. n. 

THE USB OP TABLES OP SIX FIGURES. 

17- We shall begin by pointing out the manner of using 
tables where the logarithms have six places of decimals ; 
and then we shall show how larger tables may be applied. 

We shall take, for the present, the tables published by the 
Hev, J. Cape, of Addiscombe, as being the most convenient. 

18. It will be noticed that only the decimal part of the 
logarithm is tabulated ; for this serves for all natural 
numbers, which differ only in the position of the decimal 
point. (See Art. 13.) 

The integral part of a logarithm is called the characteristic, 
or index ; and may always be determined by the following 
rule : — 

The characteristic of any logarithm is a number one less 
than the number of integer places in the natural number. 

The reason for this rule is, that every number consisting 
of one place of integers (such as 8, or 8'765) lies between 1 
and 10 ; and therefore its logarithm must lie between and 
1, or must be together with some decimal. 

Again, every number consisting of two places of integers 
(such as 87, or 87*65) lies between 10 and 100 ; and there- 
fore its logarithm must lie between 1 and 2, that is, must 
be 1 together with some decimal. 

Again, every number consisting of three places of integers 
(such as 876, or 876*5) lies between 100 and 1000; and 
therefore its logarithm must lie between 2 and 3, or must 
be 2 together with some decimal. 

And so on. 
In general, every number consiating o^ n mV^^et^ M^^ 
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between 10"-* and 10"; its logarithm, therefore, lies be- 
tween n — l and n, or is n—l together with some decimal. 

19. Hence, referring to a portion of Cape's Logarithms, 
Table XIX. p. 82, of the second edition, we shall find the 
following numbers : — 



No. 


Log. 


Prop. Part. 


8680 


938520 




1 


938570 


5 


2 


938620 


10 


3 


938670 


15 


4 


938720 


20 


5 


938770 


25 


6 


938820 


30 


7 


938870 


35 


8 


938920 


40 


9 


938970 


45 



We have 



and so on. 



log 8-680 
log 86-81 
log 868-2 
log 8683 
log 86840 



0-938520 
1-938570 
2-938620 
3-938670 
4-938720 



20. If, however, the natural number has no integral 
places, the rule is this : — 

The characteristic of the logarithm of a number^ which is 
altogether decimal, is a negative quantity, one more than the 
number of zeros between the point and the first significant 
figure. 

The reason for this rule is, that a decimal number having 
iM> such zero (as -8 or -8765), lies between -1 and 1, or -^ 
and 1, or 10-^ and 10®. Its logarithm, therefore, must lie 
between —1 and 0, or must be —1 tog;at\i<eic Vs^Csv ^'cjb^ 
decimal attached. 

I£ there be one zero (as OS or -08165^, AiXve xl\x\s^«^ ^^^'^ 

b6 



12 ELEMENTARY TREATISE ON LOGARITHMS. 

between '01 and '1, or y^ and -^^ or lO-^ and 10"^ It is, 
therefore, greater than 10"^, and less than 10"* ; and the 
• logarithm must lie between —2 and — 1, or must be —2 
together with some decimal. 

If there be two zeros (as -008 or •008765), the number lies 
between '001 and -01, or x^Vir ^.nd Yinff ^^ ^^'^ ^"^ 10-*. 
It is, therefore, greater than 10"^ and less than 10"^ ; and 
the logarithm must lie between —3 and —2, or must be 
— 3 together with some decimal. 

And so on. 

In general, if there be n zeros, the number lies between 
10^+1 and 10"" ; and the logarithm therefore will be— «-hl 
together with some decimal. 

21. Hence, referring to the table above, we have 

log -8685 =1-938770 
log -08686 = 2-938820 
log -008687 = 3-938870 
log -0008688 = 4-938920 
log -00008689 = 5-938970 &c. 

22 The negative sign is placed over the characteristic, 
to denote that it alone is negative -, the decimal part, by the 
principles above, being positive. 

23. As the integral part of a logarithm is called the 
characteristic or index, so the decimal part is sometimes 
styled the mantissa, — that is, a handful, something over and 
above the characteristic. 

Examples. 

IL 

Find the logarithms of the following numbers : — 
(1) 74320 (2) 25-65 (3) 2-421 

(4) -8713 (5) -002531 (6) -0000021 

Find the natural numbers whose logarithms are respeo- 
tiveljr the following quantities: — 

(T) 2-621280, (8) 5-76305S, (9^ ^-H^n^^^. 
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24. If the natural number have more than four places of 
significant figures, the additional figures are accounted for 
by the column of proportional parts ; which are computed 
on the supposition that the differences between the natural 
numbers are proportional to the differences between the ' 
corresponding logarithms. 

This proposition, which (as will be shown in the Ap- 
pendix I. Art. 13), is approximately true, may be thus 
stated : — 

log («-ha)-iog n : log («+a')-iog m: a : b'. 

25. Thus, referring to the above table on p. 11, we have, 

log 86800 = 4-938520 
log 86810 = 4-938570 



log 86810 - log. 86800 = 50 ; 



hence if we are required to find the logarithm of any in- 
termediate number, such as 86804, we can say, 

log 86804 -log 86800 : log 86810 -log 86800 :: 4 : 10$ 

and log 86804— log 86800, is called the proportional part 

for 4. 

Therefore, prop, part for 4 : 50 : : 4 I 10 ; 

and similarly for any others. 

Prop, part for 1 = L^^ = 5 ; 
^ ^ 10 



j> 



» 



» 



2 = 2X50^1 

10 

Q 3 X 50 , . 

3 = _j_ = 15; 

4 = 1^ = 20; and so on. 



These proportional parts are ta\)u\a\fe^, «,^ xs^a:^ ^^^ ^^^'ea^^^s^ 
being placed opposite respectively V> \, ^, ^> At, %.^.% «xjl^^ 
J8 evident, from the process o£ €l^ii^ti% \\:iam> ^^'^^'^ "^^ 
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figure of the proportional part must go under the last figure 
of the logarithm. 

Thus, to find log 86-802 :— 

we have, log 86-80 = 1-938520 

p. p. to 2 = 10 

hence, log 86-802 = 1 -938530 

Examples, 
11. 
Find the logarithms of the following numbers : 

(10) 182-35 (11) -81346 (12) -0021734 

26. If the natural number consist of six or more figures, 
th& proportional parts for the successive figures may be 
determined from the same column of proportional parts ; 
observing that, as each successive figure has a local value 
ten times less than that of the preceding figure, so each 
succeeding proportional part must be moved off one place to 
the right hand, as will be seen in the following example. 

To find log 23-4783207 : 

log 23-47 = 1-370513 
p. p. to 8 = 148 

„ 3= 5 

„ 2 = 

« 07 = 



6 
37 
130 



1-3706669830; 

or, log 23-4783207 = 1*370667, neglecting the decimals after 
the sixth. 

It will be observed that we have drawn a vertical line, 
for the purpose of separating the decimals after the sixth 
place. 
Let it also be borne in mind that, as the proportion at 
Art. 24 IB only approximately true, t\io pTO^t^oii^ "^^xVj^ 
^ter the £rat or second cannot be xeUed on «J^ \>wx^ ^WiW- 
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rately true. We have set them down in the last example, 
only for the sake of the principle. 

Examples. 
n. 
Find the logarithms of the following numbers : 

(13) -1872109 (14) -00561345. 

27. The converse problem — to find the natural numbers, 
when the logarithms are given — can readily be seen from 
the following : 

To find the number, whose log is 2*253164. 

Given log =2-253164 

log 1791 = -253096, the next less in the table. 





68 


p. p. to 2 = 


48 




200 


8 = 


194 




60 


„ 2 = 


48 




&c. 


ice the required number is 179-1282. 



Examples, 
n. 
Find the natural numbers corresponding to the following 
logarithms : 

(15) 1-283746 (16) 2-571835 (17) 5-218710 
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CHAP. lU. 

THB USE OF TABLES OF SEVEN FIGURES. 

as. These tables are, of courae, larger than those of six 
figures ; and the mode of their arrangement is somewhat 
different. The following is a portion of a page taken from 
Hntton's Logarithms, page 45. 



N. 29500. L.469. ' (45) 


N. 





. t, |. 




5 


6 


7 8 


9 


D 


rro. 


2950 


4698220 


836785158662 


8809 


'S956 


9 103 '9251 9398 


S545 






51 


969219839 9986 013< 


)2R1 


'ft42f 


0575 0722 086! 


1016 




147 


5'. 


4701164 1311 1458 1605 


:75'.' 


189! 


2046,2193,234( 


24H; 










2634 2 782 2929 307f 


122? 


.1371 


3517;3664381I 


3H,V 


147 






hi 


4105 42S2 4399 4546 


m: 




4987.S134'5281 


^+af 








5.1 


5S7.V5722 5869 6016 


Wtt-- 


HAH 


6457,6604 675( 


iSH7 










70447191 73.18:7485 


7fi3i 


77 ■< 


7926'b073 8315 


(366 










8513 8660 8807 8954 






9394'9541 968^ 












9982 0129 0275 0422 1569 


07160863 10091156 


130; 




' 




M 


47114501596 17431890 2037 


2183 2330 24772624 


277U 




9 


132 



2^ In this tablo we haye the natural numbers between 
29500 and 29599 ; and the logarithms are between 4698220 
and 4712770. The columns under 1, 2, 3, &c. give only the 
last four places ; the first three being already given in the 
column under O- 

Thu8 log 29543 = 4704546 
log 29578 = 4709688 

and so on. 

It Trill be seen that at the logarithms of 29513 and 29581, 
there is a borizontai line placed over t,\ia m ft« ftyax&. 
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place of figures. The significance of this is that the pre- 
ceding third place of figures here, and all along the same 
line, is to be increased by 1. And so the form of the 
table may be preserved. 

Thus log 29513 = 4700134, and log 29581 = 4710129. 

30. The rules for finding the characteristic are proved at 
Arts. 18 and 20, and may be repeated here. 

The characteristic of the logarithm is a number one less 
than the number of integer places in the natural number. 

If the natural number have no integer places, then the 
characteristic is a negative quantity one more than the 
number of zeros between the decimal point and the first 
significant figure. 

31. Hence, referring to the table given above we shall 

find: 

log 295-24 = 2-4701752 

log 29-547 = 1-4705134 

log 2-9565 = 0-4707779 

log -29578 =1-4709688 

log -029583 = 2-4710422 

log -0029598 = 3-4712624 

Examples. 
ni. 

Find the logarithms of the following numbers : 

(1) 74320 (2) 25-65 (3) 2-421 

(4) -8713 (5) -002531 (6) -0000021 

Find the natural numbers corresponding to the following 
logarithms : 

(7) 2-6212802 (8) 5-7630534 (9) 3-7972675 

Find the logarithms of the foUowiii^ nxiTc^iet^ \ 
(10) 182-35 (11) -81^46 (>^^ •WIV\'^'^ 
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32. If the natural number consist of more than five places, 
the additional ones can be accounted for from the column of 
proportional parts, according to the principle stated at 
Art. 24. 

In these tables it is usual to put, first, a column headed 
D, which means the difference between two consecutive 
logarithms. And in the next column, headed Pro^ are 
placed the proportional parts corresponding to that differ- 
ence. 

These proportional parts are determined by the principle 
laid down at Art. 24 ; and they are employed according to 
the following scheme : 

33. To find log 234783207. 

Referring to the tables we find D, the difference between 
log 23478 and log 23479, to be equal to 185. 

D=185 



log 23-478 = 1-3706611 
p. p. to 3 = 56 
„ 2= 3 
» 07 = 


7 
130 


1-3706670 


830 



and therefore, neglecting the places of decimals after the 
seventh, we have : 

log 23-478307 = 1-3706671. 

Examples. 
in. 
Find the logarithms of the following numbers : 

(13) 1872109 (14) -00561345 

Find the natural numbers corresponding to the following 
logarithms : 

(25) 1-2837460 (16) 2-5718350 (17) 5-2187100 
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CHAP. IV. 

ARITHMETICAL OPERATIONS BY LOGARITHMS. 

34. Multiplication may be performed by the principle 
of Art. 5. 

Thus to find the product of 23*7214 and -01368096 : 



Leta? = 23-7214 x -01368096 


log X = log 23-72 

log 23-72 = 1-375115 

p. p. to 1 = 18 

„ 4= 7 


14+ log -01368096 
3 


log -01368 = 2-136086 




p. p. to 09 = 28 


7 


6= 1 


91 


T-511256 


91 


log 3245= -511215 


42 


p. p. to 3 = 40 


20 


„ 1 = 13 


and therefore x = -324531. 





N.B. It will be observed that we neglect the places to 
the right of our vertical line ; but whenever, as above, 
the first of these neglected places is more than 5, the place 
immediately preceding must be increased by 1. Thus, in 
the above example, since 51 1256 1 91 is nearer to 5112^7 
than to 511256, we take care in t\ie wi\i\xwi'C\w3L \si '^'wj 
S ^om 7 are 2. 
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Examples. 

IV. 

(1) Multiply 2-4671 by -004386. 

(2) Multiply 24000 by -000783. 

(3) Multiply -5670008 by -123456. 

(4) Multiply together 4867, 259*4, and 1-2736. 



35. Division may be performed by the principle of 
Arte. 

Thus, to divide 32-7156 by 2-68. 

N.B. In this example, when we look out the logarithm 
of the repeating decimal, we must take the repeating part 
only so far as to affect the sixth place. 



Let X = 32-7156-: 


r2-68 


logar =; log 32-7156— log 2-68 


log 32-71 = 1-514680 




p. p. to 5 = 6^ 




„ 6= 8 





1-514754 





log 2-688 = 0-429429 


"> 


p. p. to 8 = 129 






„ 8= 12 


9 


► Subtractive. 


.8= 1 


29 




„ 8 = 


129^ 




1-085181 


681 




log 1216 - -084934 




248 


i 


p. p. to 6 = 2\A 


» 


34 





„ 9= 32 


12 





therefore x = 12-1669. 
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36« If the logarithm to be subtracted have a negative 
characteristic, and in the subtraction something is carried 
from the mantissa, it must be recollected that this some- 
thing is positive (see Art. 22), as will be seen in the 
following example : 

To divide 18-792 by -000783 



Let a; 

log X 
log 18-79 
p. p. to 2 



18-792-- -000783 
log 18-792 -log -000783. 
1-273927 
46 



1-273973 
log -000783 = 4-893762 

4-380211 
log 24 = -380211 

Therefore x = 24000. 

In the subtraction it wiU be seen that, carrying 1 to the 4, 
we say 1 and —4 make —3 ; which, taken from 1, leaves +4. 



Examples. 





IV. 






(5) Divide 


18-38 


by 


2-04S 


(6) Divide 


23-702 


by 


564-713 


(7) Divide 


25-3d 


by 


46-50d 


(8) Divide 


1-32704 


by 


•0358 


(9) Divide 254-90901 


by 


•00471698 


(10) Divide 


17385 


by 


-006988964 


(11) Divide 


•9649 


\>7 


•cm^^'n 



22 
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37* In a similar way the value of complex fractions maj 

be determined. 

24 X 32-156 X -045 
Thus, to find «= 27-58 X -176 

log X = log 24+ log 32-156+ log -045 
- log 27-58 -log -176. 

In this case, add together all the positive logarithms, and 
then subtract the sum of all the negative logarithms. 



log 24 = 1-380211 


log 


27^58 = 1-440594 


log 32-15 = 1-507181 


log 


•176 =1-245513 


p. p. to 6 = 81 




•686107 


log •045 = 2-653213 






1-540686 






•686107 






•854579 






log 7154= -854549 






30 


X = 7-1545 


p. D. to 5 = 30 







Uxamples. 

TV. 

(12) Find the value of Jf^^ ^'IlffL ' 
^ ^ 84000 X -073009 

(13) Find the value of ^l^^^^-. 
^ ^ 4-76509 X 32-14 

(14) Find the value of ^, c.^^}^^'^!L.^^, ' 
^ ' 63-87009 X -000725 



3Bm Involutum may be performed by the principle of 
Art 7. 
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Thus, to find x = (247235)6 : 



log X 

log 2-172 

p. p. to 3 

5 



6 log 2-17235 

0-336860 
60 
100 



•3369300 
6 



2021580 
log 1050= -021189 



p. p. to 9 
to 4 



» 



391 

371 
200 
165 



Therefore x = 105-0948. 



39. If the logarithm has a negative characteristic, it must 
not be forgotten that the number carried in the multiplica- 
tion, from the decimal part, is positive ; as will be seen in 
the following example : — 

To find the 4th power of -0732508 : 

Let a: = (-0732508)* 
log a? = 4 log -0732508 

log -07325 = 2-864808 
p.p. to 08 = 4 



2-864812 



5-459251 
log 2879 = -459242 



8 
8 
4 

2 



p.p. to 06 = 



90 
91 



Therefore x = -OOOO^^I^^. 
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Examples, 

IV. 

(15) Find the 7th power of 3-13675. 

(16) Find the 9th power of 1-S. 

(17) Find the 14th power of 1-04. 

(18) Find the 4th power of -07391. 

(19) Find the 5th power of -0321908. 
(20 ^ Find the 13th power of -87. 



40. Evolution may be performed by the principle of 
Art. 8. 



Thus, to find a? = jJ/25-716 

log ar = ^ log 25-716 
log 25-71 = 1-410102 



p.p. to 6 = 


101 






5 a -410203 




•282040 6 


log 1914 = 


-281942 






99 




p.p. to 4 = 


9J 




80 


p.p. to 3 = 


68 


Therefore x = 


1-91443. 





41. If the logarithm has a negative characteristic, care 
must be taken, in the division, to carry to the next place 
what 18 equivalent to the number borro^e^. 
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To find «= ^00053648 

log ar = J log -00053648 
log -0005364 = 4-729489 
p.p. to 8 s= 65 







3/4729554 






2-909851 


log 


8125 = 


•909823 
28 


p.p. 


to 5 = 


27 



Therefore x = -081255. 

Here we say, 3 into 4 (= — 6+2) will go 2 and carry 2 
(the equivalent), 3 into 27 are 9 ; and so on as usual 

Examples* 

IV. 

(21) Find the 6th root of 1234-567. 

(22) Find the 8th root of 1-00887. 

(23) Find the 50th root of 10. 

(24) Find the 5th root of -0856329. 

(25) Find the cube root of -00052525. 

(26) Find the 7th root of -32705. 

(27) Find the cube root of -0000720509. 

(28) Find the cube root of -22. 

(29) Find the 17th root of -071852. 

42. In Involution and Evolution, when the index is a 
decimal^ it is better to turn tbiat d-scvmsX tcAg ^ ^\Jv!sg?s: 

c 
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IV. 

(30) To find -Tth power of 12-3. 

aj=:(12-3)'^ = (12-3)"^ 
log a? = A log 12-3 

(31) To find -Tth root of 12-3. 

± 12. 

a? = (12-3)*7=:(12-3)7 

log a? = Y log 12-3 

(32) Raise '2 to the power of 2. 

(33) Extract the '5th root of -5. 

43- Proportion may be worked out by means of the fore- 
going principles. 

IV. 

(34) To find a fourth proportional to 24, 13*76, and -05. 

Let X be the fourth proportional required ; 
then 24 : 13-76 : : -05 ; ar 

13-76 X -05 
*- 24 
log X = log 13-76 + log -05 —log 24. 

(35) To find a third continued proportional to 1*7 and *35. 

Let X be the number required ; 
then 1-7: -85 :: -85 :« 

^- 1-7 
log a: =ss 2 log "35— log 1-7. 

(36) To find a meiui proportional between 2543 and •1726. 

2543 :x::x: -1726 

a?» = 2543 X -1726 
2 log X = log 2543 -flog •1726. 
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CHAP. V. 



MISCELLANEOUS EXAMPLES. 

44. In finding the value of a complicated expression, it 
will be convenient to write down carefullj the equation of 
log Xy collect the positive quantities together, and also the 
negative, and subtract the latter from the former. 

^ ^ ^ V^00426 X (-357)* 

To find X = -— — — ^—= X 234-567 

(•0468)3 X 4^-579 

log X = l2iJ^!426_^4 j^g .35^ _3 j^^ ^^g 

-i2g^+log 234-567. 
4 

log -00426 __ 3-629410 ^ 2-814705 

2 — ^ 

4 log -357 5= 4 X 1-552668 = 2-210672 
log 234-5 = 2-370143 

p. p. to 6 = 111 

„ 7 = 130 





1-395644 


log -0468 = 3 X 2-670246 


= 4-010738 


log -579 1-762679 
4-4 


= i-940670 




5-951408 


1-395644 




5-951408 




log X = 3-444236 




log 2781= -444201 




35 




p. p. to 2 = 31 




40 




M 3 = 47 





Therefore, x = 2781-23 



c 2 
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Examples. 

V. 



^2-43 X -^1002 ,«,^^A 

(2) Find the value of ^"t x (2400) * 

(0024)^ 

(3) Find the value of m)^ x (-004)^ x 8^46 . 

15 X (•049)2-h(-186)* 

(4) Find the value of i ^^^^^ >< Q 9i%\\ 

(5) Find the value of {^' x (-024) ^} *. 

(6) Find the value of (•005234)^-4- (-^i^)^. 



(7) Find a third proportional to 4^'5 and 7 V{'04y. 



(8) Find a mean proportional between "^ — and 

^'0182 
tl96)« • 

(9) Find a fourth pr(^ortional to ^^, ('41)^ and 
>e^ -054321. 

(10) Find a fourth proportional to the fourth roots of -27, 
•16, and -12. 

(11) Find a mean proportional between ^3564 and 

^^25: 



(12) Find a mean proportional between .^3567 and 
JV' -004595. 

(13) Find a third proportional to the cube roots of 1-05 
aad'09t 
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^43 



(14) Find a third proportional to 1*3 and 



822-108' 



(15) Find a fourth proportional to -^•00058309, (-2839)', 
and A / • 

(16) Find a fourth proportional to (-00234)^, (5-00234)^, 
and (982-5)i 

(17) Find a mean proportional between >^^1 and ('20)*. 

(18) Find a mean proportional between i^^O^ and 
(000529807)5. 

(19) Find a third proportional to (-948)* and (-00052653)^. 



(20) Find a mean proportional between ^^ 387*908 and 
(•0187)f 

(21) Find the difference between the series l+|f+(|?^)^ 
+ &C. to infinity, and the same series to 100 terms. 

(22) Find the difference between the series l+i^+(^)^ 
+&C. to infinity, and the same series to 20 terms. 

(23) Find the value of 

•2 X -4 X '8 X 1*6 &c. to 15 terms 



•5 X 2 5 X 12-5 X 62-5 &c. to 10 terms' 
(24) Find the value of x in the equation, 

^(1 - x) (1 -a?+a?2) (1 ^x) (1 +a;+a;2) (i ^^^f = y^'^y 



J£ the terms of the expression be connected by -V ^sn-^ 
— , some device must be adopted, in oxdfet \iCi t^\A^^ ^Qaa 
application of logarithms serviceable. 

C 3 
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Thus, to find the value of ^!t!^!!'^^. 

(l-27yH2 

(1-27)18+2 y+2 
where y = (l'27y^ 
logy= 13 log 1-27 
from which y = 22-359 

_ y-2 _ 20-359 
y+2 24-359 
log X = log 20-359— log 24-359 
from which x = -83579. 

(25) Rod the ydue of (l-0975y»-(l-015)" , 

(24871-53)* 



(26) Find the value of (±^^W. 

(27) Find the value of [Jg^. 
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CHAP. VI. 

EXPONENTIAL EQUATIONS. 

46. Exponential equations are those where the unknown 
quantity appears in the index or exponent of another quan- 
tity. The method of applying logarithms, so as to obtain 
the unknown quantity^ will be seen from the following 
example : 

33X X 72X-6-5X-3 X 11* X 13*-* 
3arlog3+(2a?-5)log7=(a?--3)log5 + a:logll+(4-aj)logl3 
5 log 7+4 log 13— 31og 5 



X = 



3 log 3+2 log 7+log 13-log o-log 11 

4-225490 + 4-455772 -2-096910 



1-431363 + 1-690196+1-113943--698970-1O41393 

^-68126 2-2-09691 

4-235502- 1-740363 

6-584352 

r2'495139 

log X = log 6-584352-log 2-495139 

log 6-584 = 0-818490 



p. p. to 3 = 


20 




„ 5 = 


33 


2 = 


13 




•81851343 

1 


log 2-495 =3 


•397070 


p. p. to 1 = 


17 




„ 3 = 


53 

1 


„ 9 = 


l'57 

1 




•421419 56 


log 2638 = 


•421275 




145 


p. p. to 9 = 


148 


And therefore x — 


2-6389 




c 4 


t 
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Examples. 

(1) Solve the equation 2^ x 7**"* = IS^-* x 17*^-* x 19*. 

(2) Find x from the proportion S^ ll^ 11 13»-2* : 19*-*. 

(3) Solve the equation (a^-fts)*-* x(a+6)* = (a— 6)»*. 

(4) Find x from the equation (s^ x 5"^)^= 2^ x 7"*' 

(5) Find x from the equation c*+c"* = 4iw. 

(6) Find x and y from the equations ^ — '^ f 

(7) Find ar and y from the equations jq -So f 

(8) Find a? and y from the equations 5 Z o r 

(9) Find x and y from the equations o 2. r \ 

(10) Find X and y from the equations 5^+211 7.fti!2 1 

(11) Find X and y from the equations ^ =^ } 

(12) Solve the equation 3*'-**+' = 1200. 

(13) If 2^ X 2» X 2« X 27 X &c. to n terms = 33554432, find 
the value of n. 

(14) How many times must 33*04 be multiplied by 8, 
that it may be equal to 1419*06 multiplied the same num- 
ber of times by 5 ? 

(15) In the geometrical progression, 1, 3, 9, 27, &c., find 
bow many terms will together amount to 121. 
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(16) How many terms of the series ^-f-^ + f+f +&c. 
will be required to make up \<y^/ ? 

(17) How many terms of the series, ^—f+ 1^—2 + &c. 
will amount to 4-;^ ? 

N.B. In this example we shall arrive at the expression 
(— 1^)*= — 2j3^7^ ^jj^j knowing that we cannot take the 

logarithm of the negative quantity— |^ (see Art. 12), wo 
must alter the above expression. For since (•— f )" is negative, 
n must be odd; and /. (—»)«= -(J)^ Whence (f)« = 
^iW' ^^ ^^ *^® other hand, (— r)" were positive, as in the 
next example, n must be even, and (— r)" = +r". 

(18) How many terms of the series y— ^+Tff— &c. will 
amount to i\n^ ^ 



tj 5 
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CHAP. vn. 



COMPOUND INTEBEST. 



47- By the ordinary rules of Arithmetic the calcnlatioii 
of compound interest is often very tedious, and in some 
cases impossible : but, by the employment of logarithms, the 
computation is much simplified. 

Let P be the principal (expressed in pounds sterling), 
which is put out at compound interest, at the rate of r£ 
for every £1 per annum ; that is, at 100 r per cent, per 
annum, and in n years let the sum amount to A£, 

In 1st year £1 amounts to - (l+^)£ 
therefore P£ will amount to P (1 +r)£ 

In 2nd year the amount of (1 +r) is (1 + r)-fr(l + r) 

or(l+r)2 
and Pwill amount to P(l +r)« 

In 3rd year the amount of (1 +r)« is (1 + r)«+r(l +r)* 

or (1 -|-r)3 

and Pwill amount to P(l -f r)^ 
and so on. 

Therefore, in n years P will amount to P (1 + r)« ; and 
hence -^ = P(l+r)" is the general formula for compound 
interest. 

In this formula if any three of the quantities A^ P, r, or 
n are given, we can find the 4th. 

48m What 18 the amount o^ £250 m 10 ^^^x^ «.t 4 ^er 
cent, per annum ? 
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^ ^ 4 

HereP=250, « = 10,r= j^= '04 

^ = 250(1 +-04)10 
= 250 (l-04yo 
log A = log 250+10 log 1-04 
log 1-04= -017033 
10 

•170330 
log 250 = 2 397940 

2-568270 
but log 3700 = -568202 

68 
p. p. to 6 = 70 

A = 370-06^6 == £370 U. 2^0, Answer. 

N.B. If the question had been to find the compound 
interest on the above, we should subtract £250 from the last 
result, and saj the answer was £120 Is, 2^, 

49. Find what sum, put out to compound interest, at 
4 per cent, per annum, will amount to £370 Is, 2^ in 
10 years? 

Here A = 37006, « = 10, r = y^ = -04 
p_ A _ 370 06 
(l+r)« (1-04)10 
log P = log 370-06 - 10 log 1-04 
log 370-0 = 2-568202 
p.p. to 6 = 70 

2-568272 
10 log 1-04 = 10 X -017033 = -170330 

2-397942 
log 250 = -397940 

Therefore P = £250. Answer. 

50. In what time will £250 amount to £370 U, ^IV*,^ 
compound interest being reckoned a\. l\ve t^A^ Oii ^ '^^'^ ^<sii^. 

per annum ? 

c 6 
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Here P= 250, A = 37006, r = -04 

A=:F(l+ry 
370-06 = 250 (l-04)« 

_ log 37006 -log 250 
log 1-04 
2-568272-2-397940 



n = 



•017033 
170332 



•017033 
= 10 years. Answer. 

51. At what rate per cent, per annum will £250 amount 
to £370 Is. 2^., at compound interest^ in 10 years ? 

Here A = 37006, P = 250, n = 10 
A =P(l+r)» 

log(l+r)=i2^Ajzi??Z 
^ n 

__ '170332 

10 

= -017033 

log 1-04 = -017033 

Therefore l + r=l-04 

r= 04 

Rate per cent. = lOOr = 4, Answer, 

52. If the interest be payable every m^ part of a year, 

mm 

it is evident that we must make £1 gain - £ for each time 

m 

payment is made ; and that there will be mn such times ; 

and hence 



\ m 



^\ fiifi 
m) 



COMPOUND INTEREST. 87. 

53. Find the amount of £260 in 10 years, at the rate of 
4 per cent, per annum, compound interest being payable 
every 2 months. 

Here P= 250, » = 10, m = 6 

w» n = 60, the number of payments. 

— = -^hr = ihfy *^® r^*® on£l for every 2 months. 

= 250 (\ur 

log A = log 2504-60 (log 151-log 150). 

N.B. The fraction \^ is retained, in order to avoid 
recurring decimals, into which that fraction might be 
reduced. 

log 151 = 2178977 
log 150 = 2- 176091 

•002886 
60 



•173160 
log 250= 2-397940 

2-571100 
log 3724= ^571010 

90 
p.p. to 8= 93 

Therefore,^ = £372-48 = £372 9*. 7id. Answer. 

S4. Find what sum will amount to £372 98, 7^. in 10 
ypars, at the rate of 4 per cent, per annum, compound 
interest being payable every 2 months. 

Here A = 372-48, mn = 60, ~ = t-W, 

m 

372-48 = P(l+Ti7y)^o 

P = 372-48 (li^y^ 

log jP=: log 372-48 +60 (log \50-.\o^\^^^ 
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log 150 = 2-176091 
log 151 = 2-178977 

1'997114 
60 



1-826840 
log 372-4= 2-571010 
p.p. to 8 = 93 

2-397943 
log 250 = -397940 

Therefore P = £250. Answer. 



55. In how many years will £250 amount to £372 9s. 7id., 
compound interest being reckoned at the rate of 4 per cent, 
per annum, and being payable every 2 months ? 

Here 372-48 = 250 (|M)^" 
6»{log (151 -log 150} = log 372-48 -log 250 
6nx -002886 = -173160 
^ _ -173160 
-002886 
= 60 

« = 10 years. Answer. 

56> At what rate per cent, per annum will £250 amount 
to £372 9s. 7^. in 10 years, compound interest being pay- 
able every 2 months? 

Here 372-48 = 250 ^1+ gV^ 

60 log A +g) = log 372-48 -log 250 

log 372-48 =2-571100 
log 250 = 2-397940 



COMPOTJND INTEKBST. ^9 



log ^1-+-^') = -002886 

log 1-006 = -002598 

288 
p.p. to 6 = 259 



290 
&c. 

1 + ^=1-006 

1= •oo6 = ^ = Tk 

100r=rate per cent, per annum=4. Answer. 



Uxamples. 
vn. 

(1) What is the amount of £1000, put out to compound 
interest, at the rate of 3^ per cent, per annum, in 50 years ? 

(2) Find the compound interest on £1734 17*. 6d, for 
12 years, at 2^ per cent, per annum. 

(3) What sum, put out to compound interest, at B^ per 
cent, per annum, will amount to £1000 in 25 years ? 

(4) Find in what time, at compound interest, reckoning 
5 per cent, per annum, will £100 amount to £1000. 

(5) The compound interest of £534 10*. for 5 years is 
£131 11*. Sd, Find the rate per cent. 

(6) At what rate will £300 amount to £500 in 4 years at 
compound interest ? 

(7) What is the amount of £2639 16s. S\d.\\i^M^ -i^'Nw. 
at 4 per cent per annum, compound m\feT^^\»'Ni^'«^%'^'^^^^^^ 

monthly ? 



40 ELEMENTART TREATISE ON LOGARITHMS. 

(8) Find the compound interest on £580 I5s. in 6 jears 
at 3 per cent., the interest being payable every half year. 

(9) Find the amount of £750 lOs. in 20 years, at 3 J per 
cent, per annum compound interest, payable quarterly. 

(10) What sum will amount to £839 7*. 1^. in 15 years, 
at 3^ per cent, per annum, compound interest being paid 
every quarter? 

(11) What is the compound interest, payable every 9 
months, on a sum of money which has amounted to 
£8476 lOs, 6d, in 27 years, the interest being reckoned at 
the rate of 5 per cent, per annum ? 

(12) In how many years would £10 amount to £1000 if 
put out at .compound interest at 4 per cent, per annum, 
payable monthly ? 

(13) In how many years will £2653 7*. 6rf., invested at 
3^ per cent, per annum, compound interest, payable quar- 
terly, amount to £3327 18*. M04rf. ? 

(14) At what rate per cent, will £120 ISs. 4<f. gain £50 
at compound interest for 8 years, interest being paid every 
quarter ? 

(15) If £660 when put out to interest, payable quarterly, 
amounts to £889 4^. in 6 years, what is the rate per cent ? 

(16) At what rate per cent, per annum will £1000 amount 
to £1500 in 12 years, compound interest being payable every 
half year ? 

(17) A person puts out £20 at 5 per cent, per annum, 
compound interest, and at the end of every succeeding year 
puts out an equal sum on the same terms. Find the amount 
at the end of 20 years. 

N.B. We shall have in this example. 
The whole sum = 20 (l-05)2o+20 (1 -05)19 +....20 (1-05) 

= 420 {(1-05)^0 -IV 



APPENDIX. 



THE L06ABITHMIC SEBIES. 

To expand loga(l +x) in a series of ascending powers of x. 

(1) Su]^^selog^(l+x)=:M-\-Ax+BaD^+Cx^+Da!*+.... 
where M, A, By Cy D, &c. are at present unknown, and do 
not involve x. 

Since the equation is true for every value of x, it is true 
when a?=0, which gives : 

\0gal=M 

But log„l = (Art. 4.) 
therefore Jlf= 
UGnceloga(l+x) = Ax +Bx'^+Ca^+Dx^'^ 



(2) Again, the formula is true when x becomes x+h; 
that is, log„(l + a?+A)=^(a?+A)+J9(a?+A)«+C(a?+A)34. 

D^x+ky 

and subtracting the preceding formula from this, 

loga(lH-a?+A)-loga(l +a?) 

= Ah + B (2hx + h*) + C (Sa^h + Zxh^ + h^) 
+2>(4a?3A-f-6a:2Aa4.4a?A3 f A*) + 

But log«(l +a?+A)-log«(l ^-a?) = log«(-jJ^) (Art. 6.) 
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Hence 

logafl + 1— ) = ^^ +B(2hx+h^)+ C(3aj«A + 3a?A« + A^) 
V l+a?y H-2>(4a:3A+6a:«A«-f4xA3+A*)+ 

(3) In the expression of Art. (1), let a? become , , »* 

''»>^('n-f.)=^(ro) +*G-T-.)"+''(if5)' 



-Ki^)' 



+ > 



(4) Equating together the expressions for log^f 1 + rz^ ) 
in the last two articles, 

4xh^ + A*)+ 

or, dividing by A, 

^+J?(2a?+A) + C7(3a?*+3a?A+A*)+i>(4«3+6»«A+4M" + 
A3) + 

= A(-1^)+B-^^-^C^^^ 

\l+xj {l-txy (l+«)* (l+a?)* 

(5) Now this last equation must be true for all vfdues 
of A. Let then A = 0, and we have : 

A+2Bx+SGk^+4Dx^+ .... = J— 

=^(l-«+««-a:»+«*-^-..) 

(6) In this expression, equating like powers of a?, 
2J? = -^ 3C=4--4, 4i>=--4, 5E = +A, &c. 
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hence, loga(l +x) == Ax+Bx^+ Ca^-^-Dx^+Ex^--- 

. r x^ a^ x^ afi 1 

=^|*-T+T-T+-5— I 

(7) The value of the factor A can easily be determined 
by making x = a— 1, or 1 -far = a 

thenlogaaorl=-4J(a-l)-i— ^ +—^ — ^ ^ ^ +"| 
or, 

4-=(a-l)-K«-l)'+K«-l)'-i(«-l)*+K«-l)*-- 

(8) This expansion of loga (1 + a?) is called the logarithmic 
series, from which, by giving successive values to x, the 
logarithms of all numbers to the base a might be determined. 

In its present form, however, it is inconvenient, on account 
of the value of Ay which would enter as a factor into every 
logarithm. 

(9) To avoid this inconvenience let e be such a particular 
value of a, that the corresponding value of A may be equal 
tol. 

<|J 4*3 4*4 

Then loge(l +a?)=a: — g" "^"5 — T" "*" 

(10) Therefore log«(l -fa?)=-41oge(l +x) 

log„(l+a:) 



A^ 



loge(l + a?) 

(by Art. 11.) 
log, 



= l0ga«1 

= — f 



(11) We have therefore arrived at this result: 

l0ga(l+«)=^{ar-|-'+f-J+ . . . } 

-i3i:¥t 2+8 4+ ••• X 



md log. (1 +x) =«-|+^_'|+ 
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where a is any quantity, and e a certain value of it^ that 
will be determined in the next Appendix. 

(12) Cor. 1. Log.a = log^{ i + ^Hi } 

= i by Art. (7.) 
as at Art (la) 

(13) Cor.2. Log, («+5)-log,«=log<. / 1 + i^ 

= -4- nearly, 
n 

as - is a very small fraction. 



o' 



Similarly, log^ (« + 2') — log« n —A^ 



n 



Hence, log^ (n+^)-loga» : log^ (»+^')-log«» = ^ : y. 

This proportion, which is only approximately true, is 
used in constructing tables of proportional parts; as at 
Art. 24. 
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n. 

THE EXPONENTIAL 8EBIES. 

To expand a* in a series of ascending powers of x. 

(14) a' = {l+(a-l)}' 

= l+|(a-l)+?^;:^(a-l)' 

"J" • • • VJ M/ 

+terms in a?', aj^, 

= l+jE>ia?+i>2^4-j»3a?^+j»4a?*4-&c., suppose, 

wherejE>i=(a— 1)— ^(o— l)*+i-(a— 1)^— 

and j72, p^ are yet to be determined. 

(15) Since a* = l+j»ia?4-i>2^+i>3«*+i>4a?*H- .... 
therefore a* = l+i>i«+i>2^'+J»32^+/'42^+ .... 
Multiplying these two expressions together : 

+ &C. 

(16) Buto^ '= l+Pi{x + z)+p^(x-\-zy+p^(x±zy 

+i>4(*+^)*+ 

= l+Pi(a:+2?) 

+i>2(a?^+2a?2f+^') 

+ j>3(a?3 ^ 3a;J2J + ZXZ* + Z^) 
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(17) The two expansions of a*"*"', given above^ must be 
identical. Therefore equating like terms, 

Pi^ = 2p2 

P\P2 = 3p3 

P\P^ = 4p4, and so on. 

or, i>2 = i(i>i)^ 

P3 = KP1P2) = 273 (^1)^ 

Pi = iPiPz = 2-J-4 (i>in 
and so on. 

But />i = (a-l)-^(a-l)HK«-l)'-*c- 
= loge a 

■ 

Therefore pt= i (log.o)«, pj = j^(log, of 

and a« = 1 + (log. a) ar + (log. ay J^ + Gog. a) ' j-^ 
+(loge a/ 4- &c., which 13 vthe exponeAtial iimes. 



(18) Cor. 1. By making a==«; wQ^a^e 



*^^ *■'■'"'" iTl+rnra+riTsTi''" — 



(19) Cor. 2. We can now determine the value of e. In 
the last expression, put a;=l, then 

«=14-14-_1-+ — I — + I + 



and from tbia m&y be obtained 
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1+1 = 


= = 


2- 


1 

1.2 


_1 _ 
"2 


-5 


1 


-•5 _ 
3 


-16666666 


1.2.3 


X \J\J\J\J\J\J\J 


1 


_ -16666666 _ 
4 


-04166666 


1.2.3.4 


1 


•04166666 
5 


-00833333 


1.2.3.4.5 


1 


_ -00833333 _ 
6 


•00138888 


1.2.3.4.5.6 


1 


_ -00138888 _ 

7 


•00019841 


l.^.u. . . . 7 


1 . 


_ -0001^41 _ 
8 


-00002480 


l.^.u. . . • O 


1 


_ -00002480 _ 
9 


•00000275 


1.2.3. ... 9 


1 


_ -00000275 _ 
10 


•00000027, &c 


1 . 2 . 3 .... 10 






2-71828176 


or, as far as the seventh place of decimals, 


e 


= 2-7182818. 





(20) This expression is the bafie of the natural sjstem of 
logarithms, and it is adopted because it makes the logarith- 
mic series and the exponential series much simpler than 
any other number would do. 

Logarithms constructed to this base are called Napierian, 
from the discoverer, Napier of Merchistoun, who lived in 
the reign of James I. 

They are also sometimes called HTperbolic logarithms. 
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m. 



THE COMPUTATION OF LOGABITHMS. 



(21) We might obtain the Napierian logarithms from the 

series, loge(l-fa?)=a?—^+ o-"" 4: + ^^* ^^^ *^s is not 
8ufiQ.ciently convergent to be very serviceable. 

If for X, we vmte —a?, we shall have 

log.(l-ar)=-a;-J-^+5+ &c. 

or log. l±^=log, (1 +x) -log, (1 -x) 

1 — X 



=K'+?+^?+ } 



Let 



1— a? z 

y+« 



or a?: 



m.l.g,=,^^«{^^)+>(fc5)'+'(t.')%..| 

(22) Lety = 2, 2? = 1, or log, z = 0. 
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I - -33333333 

3 

1 /1\3 _ '33333333 _ - 03703703 _ .oi234567 
3W 27 3 

m ■■ 

7W "" 9x7 7 

J. /ly ^ -00045724 ^ -00005080 
9W 9x9 9 

l^/iyi -00005080 -00000564 



'03703703 ^ '00411522 ^ .ooo82304 

9x5 5 

-00411522 -00045724 .^jQQ0g532 

•00000564 
•00000051 



13 UJ 



9x11 11 

lya _ -00000564 _ -00000062 _ .00000005 



9x13 13 



•34657356 
2 



Therefore log« 2*= -693147 
which is correct to the sixth place of decimals. 

(23) In the above formula, put y = 3, « = 2. 

,<^a = >......{(l).'©"-KI)'4G)'--} 

= -693147 + -405465 
= 1 098612 



(24) Loge4 = 2xloge2 
= 1-386294. 



(25) In the formula of Art. (2), let y = 5, « = 4 

„^« = ,<,.4^.{i.l(l)V'(J)V } 

= 1-386294 -h -223144 
= 1-609438. 
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(26) Loge6 = log, (3x2) = log. 3+ log, 2 

= 1-098612 -I- -693147 
= 1-791759. 

(27) I-g.7= log.6+2 {^+^Q%^(^)»+...} 

= 1 -791759+ -154151 
= 1-945910. 

These are left for the student to complete. It is then 
evident that we maj thus obtain the logarithms of all 
numbers to the base e. 

(28) The Napierian logarithms being thus determined, we 
maj find the logarithms of all numbers to any other base a 
by the formula : 

^oga y = I loge y, Art. 10 and App. I. (11), the 

quantity = being the modulus of the system of base a. 

log.« 

(29) In practice, only logarithms to the base 10 are used, 
for reasons stated at Art. 13 (called Briggs's, or conmion 
logarithms). 

Log. 10 = log, 2+ loge 5 

= •693147 + 1-609438 
= 2-302585. 
Therefore ft, the modulus of the common system, 
_ 1 

2-302585 
= -434294. 
Andlogio« = /Lclog, 2? 

= -434294 log, z. 

(30) Hence we may proceed to find the common loga- 
rithms of all numbers : the primes by the last formula ; the 

others by the principle of Arts. 5, 6, T , «ji^ %• 
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Logio 2 = /i loge 2 = -434294 x -693147 = -301030. 
Logio 3 = /i loge 3 = -434294 x 1-0986x2 = -477121. 
Logio 4 = 2 logio 2s=i2x -301030 = -602060. 

I^gio 5 = logio 10 -logio 2 = 1 — -301030 = -698970. 
Logio 6 = logio2+logio3=-301030+-477121=-77815L 
I^gio 7 = /i log, 7 = -434294 x 1*945910 = -845098. 
Logio 8 = logio2 + log, o4= -301030 + -602060= -903090. 
Logio 9=2 logio 3 = 2 X -477121 = -954242. 

And so on. 

(31) Only the decimal part of these logarithms is tabu- 
lated ; and thej will answer for all natural numbers which 
differ only in the position of the point. (Art. 13.) The 
characteristic is always discoverable by the principles of 
Arts. 18 and 20. 

And tables of proportional parts are made according to 
Arts. 24, 25 ; and App. L (13). 



D 2 '' 



ANSWERS. 



I. 



0)625. n<l^«log3, 

(3) 27. (14)Logar = l2S£Jii?«f^ 

(4) 5-S. log(o»i) 
^ -^ ^ any 

(6)1-5. ^'~ ^°g^«"*) J 

(7) •778151,2-607454, (i a) « - ^°g (« +<»•- 1)} -log « 
3-653212, & 4-5 10544. ^"^ *' 

(8) 1-079181, 1-130334. (16) a; = -]££*_ 

991 log a 

(9) 1-397940, 4-795880. 

(10) -477121, -255273. (17) « = [-)•"-', y = (-J"- 

(11) 1-243038. 

(12) « =^2 ^ any base.^'^^ " = ^/^ 



XL 



m. 



(1) 4-871106. (1) 4-8711057. 

(2) 1-409087. (2) 1-4090874. 
(3) 383995. (3) -asasa^ft. 







ANSWERS. 


(4) 


1-940168. 


(4) 1-9401677. 


(5) 


3-403292. 


(5) 3-4032921. 


(6) 


6-322219. 


(6) 6-3222193. 


(7) 


418-1. 


(7) 418-1. 


(8) 


579500. 


(8) 579500. 


(9) 


-00627. 


(9) -00627. 


(10) 


2-260906. 


(10) 2-2609058. 


(11) 


i-910336. 


(11) 1-9103362. 


(12) 


3-337140. 


(12) 3-3371397. 


(13) 


1-272331. 


(13) T-2723312. 


(14) 


3-749230. 


(14) 3-7492299. 


(15) 


19-21971. 


(15) 19-219671. 


(16) 


•03731086. 


(16) -03731083. 


(17) 


-00001654664. 


(17) -00001654664 
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The answers of n. and m. have been thus arranged in 
corresponding lines, in order that the results obtained from 
tables of 6 figures and from those of 7 may be compared 
together. It will be seen that they do not altogether 
agree ; thus bearing out the remark at Art. 26, respecting 
the merely approximative truth of the proportional parts. 



IV. 



(1) -01082072. 

(2) 18-792. 

(3) -06999965. 

(4) 160791-48. 
(5)9. 

(6) -0419717. 

(7) -545995. 

(8) 370681. 



(9) 54040-75. 

(10) 2487491. 

(11) 35-05832. 

(12) -12455. 

(13) -00013447. 

(14) 25603. 

(15) 29W*%5- 
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(17) 


1-73166. 


(27) ^04161 15. 


(18) 


•0000298409. 


(28) ^60368. 


(19) 


•000000345667. 


(29) ^85651. 


(20) 


•163586. 


(30) 5^7934. 


(21) 


3-2753. 


(31) 36-0585. 


(22) 


1-0011. 


(32) -715883. 


(23) 


1-047126. 


(33) -25. 


(24) 


•611685. 


(34) -0286666. 


(25) 


•080684. 


(35) -072059. 


(26) 


•85243. 


(36) 20-9504. 



V. 



(1] 


1 -83134. 


(2; 


) 6-7181. 


(3; 


I 12-0233. 


(4; 


) -36789. 


(5] 


1 1-32302. 


(6] 


1 -0198755. 


(7: 


1 -000018485. 


(s; 


) -000016022. 


(9: 


1 -13871. 


(lo: 


) -516397. 


(ii: 


I 3-0669. 


(12; 


) -45513. 


(13; 


) -206816. 


(14; 


1 -0000139694. 


(1) 


a; = 3-1273. 



15) -097416. 

16) 4672-25. 

17) -0257766. 

18) -0000000036015. 

19) -0085161. 

20) -716807. 

21) -159705. 

22) -00000000000000014392. 

23) -5709. 

24) x = -95255. 

25) -28242. 

26) 44746-4 

27) -395176. 



VI. 



(3)a; = 



_ log (a^-b^) 



(^J or =: •^2-41575. 



\o« 



v^\ 



ANSWERS. 
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(4) X = 4-17727. (11) « = I, y = V. 

^ _ log{2w+^/4wia-~l} (12) X = 4-335, or 
^ ^ * log c ' (13) « = 5. 

(6) a? = 4-2818, y = 3-0584. (14) 8 times. 

(7) a? = #,y = f (15) «=5. 

(8) X = 4-718, y = 1-887. (16) « = 7. 

(9) a? = 3-5456> y = 1-4182. (17) « = 7. 
J[10) a:= 1 70386, y = 2-7837.(18) « = 6. 



-•335. 



vn. 



(1) £5584 145. 

(2) £530 185. 6<f. 

(3) £449 105. ^d. 

(4) 47-194 years. 

(5) 4^ per cent, per annum. 

(6) £13 12*. 5J<f. per cent. 

per annum. 

(7) £3223 25. 

(8) £113 125. \\d. 

(9) £1507. 



(10) £497 1 15. 9\d. 

(11) £6224 5s. 7^. 

(12) 115-34 years. 

(13) 6-498 years. 

(14) £4 75. 2 Jrf. per cent, per 

annum. 

(15) 5 per cent, per annum. 

(16) £3 85. lyL per cent, per 

annum. 

(17) Wholesum,£694 75.4irf. 



THE END. 
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Tate's Algebra made Easy, intended chiefly for the use of Scliouls, 12mo. . . 2s. 

Thomson's Elementary Treatise, 12mo. ( Key, Is. (ki.) 5s. 

Wood's Elements, for University Students, by Lund. 8vo 12s. 6d. 

Land's Companion to Ditto, post 8vo. [New Supplement (1858), 2s. 0dO .... 6s. 
TounK's Elementary Treatise, iimo. (Key, by Spillei, 6s.) 68. 

ABITHIDBTIC. 

Colenso's Arithmetic for Schools, ISrao. (Key, by Maynard, 68.) 4s. 6d. 

„ Text- Book of Elementary Arithmetic, l8uio. ( with Answers, 2s.M.) U. ikl. 
CoUnwo's BUmtntftrif Arithmetic noMy he had in Five PartM, **t tluwn;— 



I. T«st-BfM»k M.i-i. txmiHpitf*, i'l.l\. fitm/Mtnnd ArtthtMeUr id. 

t.Exwnplrt'fPX.l^impffA'ithmgtiriil |l Ek-«iitpii^.Pt III Fr>ietnfh,lh-c*initl»JhttHUeimi$UiU. 
6. ABnwsra U> th«* I£x«iiii»Ihi, w.tii Si(lati<>ni> of the int>re difflcalt Quentions U. 

Crosby's Walkingame's Tutor's Assistant, by .Maynard, i2mo. ( Key, 3s. 6d.) 2s. 

Oalbniith and HauKhtcw's MHUual of Arithmetic, 12mo. 2s. ; doUi 2s. 6d. 

HUey's Arithmetical Compiuiion, 18mo. ( Key, Is. 6d.) 2s. 

HuKhes's Manual of Arithmetic, fcp. 8vo. (with Key, its. 6d.) Is. 6d. 

Joyce's System of Practical Arithmetic, by Maynard, 12mo. (Key, Ss.) Ss. 

. Lardner's Treatise on Arithmetic, fcp. 8vo , 8s. 6d. 

M'Leod'sCourseof Arithmetical Questions, 2 parts, 12mo. each la. 

„ Manual for Elementary hvitruction, i8mo Od, 

M Extended Multiplication and Pence Tables, per dozen 2i. 

MoUneax*8 Arithmetic, 2 parts, 12mo. each ( Keys, Sixpence each) 2s. 6d. 

Fix's Miscellaneous Examples in Arithmetic, 12mo 2s. 6d. 

Booths Arithmetic mid Alxebia for the use of Sandhurst CoUeice, 8vo. 16s. 

iMa^a TfMtise on the First Principles of Arithmetic, i2mo ls.6d. 

M Mantal Arithmetic for TBacher8,8vo Is. 

Tata On the New Coinage in relation to our School Arithmetics, 12mo 9d. 
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ASTBONOmr, METEOBOLOOY, and NAYIOATIOH. 

AniKo'B Popular Antruiiuniy. translated by Smyth and Unuit, 2 vola. 8ro.. .48«. 

„ Metourolutdcal l!:8iiayi»,traii8.uiiderCul.SabiiM'8MU|ierinteiidieiU3B,hroJfla. 

Doyd's Msuiual for Naval Cadets, with fiM WoudcuU. fcp.Hvo. .....lUt.Cd. 

Qalbraith aiid HamchUJii's Manual of Astrutioiny , iSiuo. , St, 

Uerschel's TrmtiHe uu Astronomy, fcp.8vo. ai.6d. 

„ OutUntM of Astruuoiuy, Hvo. Ua. 

Jeans'* Problems In AsMutioniy, Sur\e>inK, and NavlKation, ISmo. 6t. 

„ HandlMluk for the Stars of the First and Second Magnitude. Aro. . Sa. 6d. 

,, Navitration and Nautical Astronomy. Fakt l.li!nio.4s.; Pabs ll.prlce 5c 

SteppinK-rttone to Astnimnny, in Question and Ans«rer, IHmo It, 

Tate's Astronomy and tlie Use of the Ulobes, for B^{luuen, IHuio.. ......... It, 

ATLASES. 

Brewer's' Rlementary Atlas of History and Qeography, royal 8vo. Ut. 6d. 

Butler's Atlas uf Ancient Geo;nnip))y . roy td 8vo Ut. 

M J unitH- Ancient Atlas, royal 8vo 4a.6d. 

M General Atlas of Modern and Ancient Geography, rojal ito Mt. 

M Atlas of M (idem GtHMcraphy. ruyal8vo. lit. 

M Junior Mutieni Atlas, royal Hvo 4a. 6d. 

„ Outline (Seoirraphitral C^i^y-liiioks, Ancient and Modem, etch 4a. 

HaU's First or iillementary Atlas of lo co'oured Maps, obloug 4tOw la. 6d. 

„ Ma|i-Pi«tiections, Is.; Hall's Outline Maps la. 

Hughes's General Atlai> for Elementary SuluMtls, l8xno. (coloured, la.M.) .. la. 

M Introductory Atlas of Modem Geography, l<mo ta. Ad. 

Atlas of Physical, Politii-al, and Commerdal Geography, rogral 8To.l0a. 6d. 

School Atlas of Physical Geoto^pliy, 12mo la. 6d. 

Atlas of Bible Lands. 12 coloured Maps, fcp. Sro. la. 6d. 

M*Leod'a St^ripture Atlas, Part 1. 4s.; Part II. Jls. ; or <»mplete, rojral Bro. 7a. 
„ Hand-Atlasof Gen«ra/ Geo»nraphy, t» full-coloured Mapa, Mno. . . ta. M, 
„ Class-Atlas of Pb^irical Geography, 2U coloured Mapa, Ac ISmo. . . 

BIOOBAPHT. 

Arat^'s Lives of Distin(niiBhedScientiflcMen,8T0w............... 

Maunder's Bioicraphiual Treasury, fcp. 8vo. itt. 

Blerivale'a Life and Letters of Cicero, ISmo. 9t.ad. 

Steiiping^toue to Biograpliy, in (Question and Anawer, Ifimo. Iju 

BOOK-KEEPnO, CALCTTLUB, and L0GABITHM8. 

Carmichaers Treatise on the Colculua of OiieratiotiB,8vo. 0t. 

Farle)''a Tables of 8lx-ARure Logarithms fhnn 1 to 10,UUO, poat Sro. 4a. 60. 

laUsier'a Book-keepInK, by 8inKle and Double Entry, 18ino. M, 

M SetofEiffht Aooouut-Books adapted to the above, atdi M. 

Krapp's Btatistical Book-kee|4nff, 4to. ......tla, 

Tate'a Prhidples of the l>ifferenlial tad Integral Ctlonlns, Ucx>. 4a.8d. 

CHEMISTBT. 

Buckmaster's Inorganic CherntatiT, Iftmo. ff*t»f»„» f^ 

Coningtou'i Chemical Aualysia (Tables, 28. Od.) poat 8vo. 7a.ljL 

Varuet'a Conversations on Chemistry, X vols. rep. 8Y0. •• ...I4t. 

Tate's Outlinea of Experimental Chemistry, ISmo. ,, 9d. 

Thomaoii'a Sofaool Chemiatiy, fcp. 8vo. Tjk 

London t LONGMVX, GREEN, and CO., Ffttcnioster Row. 
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GHBONOLOGT. 

Brewer's Po^cal Chronolofor of Tnventlonf, Disooreriet, Battles, fte.,12mo. Ss. 6d. 

M Elementary Atlas of History and OeoKraphy, royal Rvo. 12s. Gd. 

Conybeare's !<ch(iol Chr»nolot{y, or Great Dates of History, square 12mo. . . la. 

Hort's Introduction to Chronology and Andent History, 18mo. 4s. 

Howletfs Tables of ChronoloKy and Rexal GenealoKies, 4to. 6a. 6d. 

M Metrlral ChronoloKy, poetHvo. 7s. 

Jaquemet's Compendium, edite<l by the Rev. J. Aloom, M.A., post Rvo. .... 7s. 6d. 
M Abridged Chroiio'ofQ', edited by Rev. J. Aloom, M.A., fcp. 8to. . 8s. 6d. 

NIoolas's ChronoloKy of History, fcp. 8to 8s. 6d. 

Slater's 8cho(4 ChronoloKy, or Sententis Chronolo$Hca, limo its. 6d. 

M ColouredChronoloKiealCharttoaccom|MUiytheahove(onr(dler,9a.6d.)6s. 
Valpsr's Poetical ChrouolaKy of Ancimt and English History. 12mo. ........ 88. 6d. 

CIVIL LAW and POLITICAL ECONOMY. 

Humphreys's Manual of Civil Law, for Schools and Candidates, fSep. 8vo.. . . . 8a. 6d. 

M „ PoliticalScience,rorSchoo!8A;Candidates,fcp.8vOw 8s. 6d. 

Marcet's Conversations on Political Economy, fup.Svo 7b. 6d. 

CLASSICAL DICnONABIES and KYTHOLOOY. 

Barker's Lempri^re's Classical Dictionary, edited by Dr. CanVm, 8to. lis. 

Hort's New Pantheon, or introduction to Mythology, 18rao is. 6d. 

LemprMre's Classical Dictionary, Rvo Os. 

Btch's Illustrated Companion to the Latin Dictionary and Greek Lexiooii« 
with upwards of 2/MO Wood Engravings, post 8vo. 81s. 

COHCHOLOOY. 

CatloWs Popular Conoholosy. or the Shell Cabinet ananged, post 9m 111. 

COPY-BOOKS. 

M'Leod's Graduated Series ofNineConr-Booka. each .<••• 8d. 

DBAWINO-BOOKS, fto. 

Malan's Aphorisms oil Drawing, post 9vo. 8s. 8d. 

Tate's Drawinic for schools, with nimierons Tllnstrations and Exerrisee.ito. 5s. fid. 
„ Drawinx-Book for Little Boys and Girls, with 180 Exerdsea, 4to. .... Is. «d* 

EKOUSH COMPOSITIOir, ELOCTJTION, and SYNONYXES. 

Brewer's Guide to Rntdish Composition, tcp. 8vo. 6a.6d. 

Graham's Entrlish, or the Art of CompoiHfiont frp.8vo 6s. 

M Work on the A ttalnment of Kntrlish Stp/e. fcp. Rvo. 78. 

M English Syntmymes. classified and exiilained fcp. 8vo 6s. 

Hiley's EnidUh Composition, Pabt I. or Junior Seriet, IKmo. i Key, 8s. 6d.) Is. 6d. 

„ Practical Butrlish ComiMmit ion. Past 11. 18mo. (Key, 4s.) 8s. 

Hunter's Parapliraain^ and Analysis, 12mo. Is. 8d. 

Morell's HandhtKik of Loidc, for SchtMils and Teachers, fcp. Rvo. 28. 

Parker's Protcressive Exercises in EnuHsh Composition, 1 jrao Is. 6d. 

fiogel's Thesaurus of Enxlish Words and Phnuies classified, crown 8vo .... lOs. 6d. 
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EDUCATION in GENERAL. 

Aitcin'R ArtBof Life, IHmo fn. (M. 

Domefitir Kroiiomy, Ho»H«kc«pln(;, Cookery, See. (in Oltif^t StrinX IftBO.. . 9d. 

Lake'ff Rook ofOliJMt IjennnTiR. I'tmo 1ft. 6d. 

P>'froft>ro11eiriiin'ii()uiile, fcp- '^^'o 9m, 

Ross's Teacher's Manual of Metho ', fin>.8vo. S«.6d. 

Htow's Trainintr Sydtexn, &r.., for Trainerti and Governesses, post 8vo. ts. 

Sydenham's Nnteo of Lessons, \tmo Sa* 

Tate's Philosophy of Eduration, or Prindples &c. of Teaching, fep. 8to.. . . . ti. 6d. 

ENGLISH DICTIONARIES. 

Maunder's Treai*ur>' nf Knowledire and Lihrary of Refprenoe, fop. Sroi. Idk 

Smart's Walker's Prononncinff Dictionary Remodelled, 8vo 18s. 

„ „ „ „ Epitomised, 16mo. (to. 

Sullivan's Dictionary of Derivations, I2mo '. S«> 

,• „ „ the Bn»;lish LangOMge, 12mo Sa.6d. 

ENGLISH ETTMOLOGY, fto. 

Black's Student's Manual ( Greek), IRmo. 28. Ad. ; Sequel {LoHmX ISmo. .... 8a. 6d. 

Edwards's Histor>' of the English LnnRiiage, 18mo 9d, 

Ross's Etymolofri(*al Manual ot the Eiurlish LanfcuaRe, IRmo. 6d. 

ENGLISH GRAMMARS and EXERaSE-BOOKS. 

Uiley's Enirlish Grammar and Style, l2mo ti.6d. 

„ AhridKn)pntofGrammar,I8mo.1s.fld.:Chi1d'sFinitGrani]n>r,l8mo. It. 
„ Exercises adapted to the English Grammar, ISmo. ( Key, Ss. Ad.). . . ta. 6d. 

Hunter's Text-Pook of English Grammar, 12nio , ta. 6d. 

M'l^eod's Explanatory English Grammar, for Iteginners, IRmo la. 

Marcet's Game of English Grammar, with Conversations, poet Rvo 8a. 

„ Mary's Grammar. IHmo. .Ss. 6d. ; Marcel's Willy's Grammar, ISmo. 2a. 6d. 

Morell's Anab'sis of Sentences explained and illustrated, 12mo 2a. 

Essentials of English Grammar and AntUfi*^* Tcp. Hvo. 8d. sewad; 9d. eloth. 
Grammar, iKvst Rvo. 2s. ; wit h Exereises, to. 6 1 . ; Exercises separately, 8d. 
Smart's Course of English (iramniur. Rhetoric. Logic, &c. 5 vols. Ibuo.. . . .28s. 6d. 

Stepping-stone to English Grammar, in Question and Answer, ISmo. la. 

Sullivan's Attempt to Simplify* English Grammar, IKmo Is. 

Walford's Card of Knglinh Grammar, 8vo. ».... !■• 

ENGLISH PARSING 

Hunter's Exercises in English Parsing. 12mo .•,.,.,.,..... 6(L 

Low res's System of EtigUsh Parsing and Derivation, IRmo. la. 

M'Leod'B i-ditit>n of (ioUtomith's De$trt«d VUloff, 12mo. l8.6d. 

ENGUSH POETRY. 

Connon's Sele<'tions tnvcn Milton's ParadtM fAui, 12mo ts. 6d. 

Cook's First Poetr^-ltook for Elementary Schools, IHmo , M. 

„ Selei'tion of School Poetry, with short Notes, l2mo 8s. 

Graham's Studies fk-oin the Knglish PoeM, or Poetlual Raadlng^Book, 12mo. 7a. 

Hughes's Select S|«cimens of English P<ietr>', 12mo Ss. 6d. 

M 'Leod's SeivHid Poetical Reading- Itook, t2mo Is. tHL 

Palliser's Mo<lern Poetical !>«]ieaker, chiefly for Ladies' Sohools, 12mo. ts. 

Tvvells's Poetry for Repetition, IKnio Is.0il, 

London: LONU&IAN. GKKb:N, and CO., Paternoster Row. 
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ENGLISH BEADTNO-BOOKB. 
Hmchw's Gnw1nar«d Itoiwtf tiii^ I jenum-Rnnkii, frp. Rro. 4 Rivm, eadi Ss. td. 

M Kelert Hiterfnwnii of Kni;ll«h PrriM, l!imo ..... 4t.6d. 

JoiiM's Litunrirttl Clam-IVNik, from the heRt aiithi)ritlet« ISmo. Is. 6d. 

M*Leod's First itnnk tn teach ReadhiK and Writiim, 18mo. 6d. 

M .« ' ReiulIni^lkmk.tKino.Hd.; orafi Re»diniP>Lessons,fn90Sheet8 Ss. 

Mann's lieMnniR tn (leneral Knowledge, fep. Kvo Ss. 8d. 

M annder*!* ITniversal OlaeiKllnok for Every Day In the Tear, ISmo. 6s. 

PyfToffsCouraeorEnidlsh ReedinK, fh**^o. 6s. 

SewelVs ScIkioI Sfieaker and Holiday Task-Boole. ISrao 6s. 

Simple Truths fkmn Scripture, in Easy LesMins, IRmo M. 

Sullivan's Literary Glaae-ltaok. or Reikdings In Literature, Itaio Si. 6d. 

ENGLISH SPELLING-BOOKS. 

Carpenter's Scholar's Spelling Asdstant, 18mo. Is. 8d.; edited by H*Leod. . Is. 6d. 

Honisey's Pronuundnir Kxpotdtor, or New S|iel1ini$^nnok, ISmo 28. 

Lewis's Graduated Kntelish- Welsh Sitellinir- l^tok, 12mo. Is. 6d. 

Mayor's Rniclish rtpellintf^lkiok, (Genuine Etlition. 12fno Is. 6d. 

SulHvati's EugUsh 8|iellU«>Uook Superseded, Iftno. Is. id. 

ETJCLID. 
Colenso's Elements of Enrlid, flrom Rimson's Text, ISmo. (with JTey, 0s. 6d.) 4s. 6d. 

,• Oeottietrical Problems (without Keg, is.), with Key, IHnio 8s. 6d. 

Oalbralth and HauKhton's Euclid, IkMikH I. to III. <s.; Bttoks IV. to VI. .. 2s. 
Tate's First Three liooks of End iJ's Eleiueiiis. 12nio. Is. fld. t iSmo 8d. 

FOBTIFICATION and the MIUTABT ABT. 

H.-dxe's (Catechism of FortiflcatitHi, tor Stuilents and Candidates, 12mo.. ... 2s. Ad. 

MacduuK^'s Tiieory of War, poKt Hvo. with Plans of Battles 10s. 6d. 

„ CampalKiis of Hannibal, post 8vo. 7a.6d« 

FRENCH GBAJCMABS and EXERCISE-BOOKS. 

Aibite*' How to Spnuk French ; or,Frpacli ft France: FacU, Rea«ont, Prsctica,12mo. Ss. 6d. 

Cambier's Sandhurst Cutle>ce French Grauiinar, l2mo 6s. 

Charente's Woolwich Academy French CourM. l:Smo. 10s. 6d. 

2:> Mr. Chareiite's French Coune way be had as follows :— 

Past I.— PronuiicUtiO'i — Acciileiirv .... -lit. P%ni III — c;«|lici»m» and An^ ici«in«.Ss Id. 
1**KT II — l-n-nch nod F.nKb>h Myntax com- PASr IV >)iit«kp .ir ritiiHUui-tioti— ^ynUiM 

|MU-ed '. 3m. d M'cuH'-litlticuiMi* .as. 

Pasib I. and II. forminc the Jun/nr Oftrcr, Parib 111. and IV rnnmaa tbe Seutur Cbwt»«, 

in I vul piicv ,.... As. 6d. in I vnl. price 6*. 

Chareute's Woolwich Acaiiemy French Exerdses, Pakt I. L2mo 8s. 

Collis's Short French flrammar for Classical St^hools, 12ino 8s. 6d. 

Coutausewi's CoiuiwihUouh (Inunmar ol tli« French LaiiyusKe, 12mo. 4s. 

M tiulde to Frem'h Translation, t2mo 8s. 6d, 

Hamel's New Universal FreiN'h (Grammar, l2mo. 4s. 

M Grammati(*al Exercises on the French LaiiKuaye, Itmo. f Key. 8s.) 4s. 
M French (inunmar an J Exercises, by Lamiiert, 12m<i. ( Key. 4s.) .... fis. 6d. 
Sadler's French PnMiuiH*iatiun A Conversation, in Question A Answer, ISmo. Is. 

Tarver's Etuu t^Yench Oiaunnar, tsSnio 8a. 

M tt tt Bxerdees, Familiar Jt Conversational, 12mo.(K«y, 8s.) 3s. 6d. 
M Fremdi Pfaraseoiiiicy explained and compared, l<mo. 8s. 
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FBENCH DICTI0KABIE8. 

ContanMau'* New Pnctteal French and Emclish Dictionary, pott 9ro l(li.€d. 

Nuwenf • Poelcet Dlcdonary ofFrencb A Enirl. LaiiKua«ea|iamo.4a.ad. i Itmow 78. €d* 
Tardy** French Pronounciiiff Dictionary, ISmo* ?■• 

FiEtEKCH, ITALIAK, and OEBKAN READUTO-BOOKa. 

Canihier't Sandhurst CollcKe French Headin»-Roolc or Recueil, ISrao. to. 

ContanMau'a ProaHteumet Poktee Fran«ais,orSelecticmfinmin French Writers 6«. 6d. 
Extraits Choisisdes Auteurs Modernes, byAuthorofifmjftferftert. poatSvo. fie. 
Lacaita's Italian KeaiiinxuRook.orr^eleetianiilVmn bestltalian Writera,Uino. 58. 

Meu«lfe'A Hifitory of (German Uteratiire. iioet Mvo 78. 6d. 

M tier's German Keadin»cBook— 7*49 (Hrman Clmmiet. post Avo. lis. 

Rowan's Morceaux uhoisiii dw Auteurs Modenies, 4 1'usaKe dela Jeunesse 68. 
Tarver's Eton French K«adh>i£*Kook,— Prose, Verse, and Phraseoloity, Iftno. 78. 6d. 

„ Choix en Prose, l^mo. .Ss. 6d. ; Ch«ix en Vers, l2nM» Sa. 6d. 

w (H.) Le Conteor, a new French Readlng^Book, cruwu 8yo. to. Od. 

OBEEK CLASSICAL AUTHOBS. fto. 

Euripides, the 6 Plays, with Kmrlish Notes by Major, post (Wo. S48. 

H BRODOTDS, with BnKlish Notes, &c., edite<i by Stocker, i vols, post 8to. . . 18s. 

HoM KR*H //tud, with Kniclish Notes, Ac., edited by Valpy, Avo lOs. 6d. 

80PBOCLR8, with Kntrllsh Notes, ftc.,edtted by RraAseandother8,2vol8.p3vo. Sis. 

„ edited, with short Latin Notes, by Linwood, 8vo Ife. 

Theatre of the Oreeks, edited by Donaldsnn, 8vo ISs. 

Walford's Handbriok of the (Ireek Drama, fcp. 8vo to. 

XjBJf oPHOir'8 AvahuM*^ with Kn^UfOi Notes, &c., by White, ISmo. 7s. Od. 

M MemoraiHUa, with Entclish Notes, &c., by Hiokie, post 8vo.. . . . to. 6d. 

OBEEK OBAMMABS. EXEBCISE-BOOKS. fto. 

CoUis's Praxis Onpca, l.Etff»o/opv,if^.M. : I \.Sp7itax,(i6.im.AeeemtuaHom to. 

„ „ lamhica: Rxen-ises in Greek Tragic Senarli 4s. 6d. 

Howard's Intmductorv Greek Exercises, l2mo. ( Key, 2s. 6d.) to. 6d. 

Kennedy's Greek Graminar ((inenp GrtimniHti<'e Institutio PrimaX 12mo. . 4s. 6d. 

„ I'alestra M usarum, or Greek Verse Materials, lirno 6s. 6d. 

Moody's New Eton llreek Grammar, In Envlish, l^mo. 4s. 

Pycroft's Greek (irammar Practh-e, l2mo Ss-M. 

Valpy's ElementH of Greek (irammar, with Notes, 8vo to. 6d. 

M Greek Primitives and Leadintr Words, Itmo, 6s. 

„ „ Delectus, improve<l by White, 12mo. ( Key, 2s. 6d.) 4s. 

„ Second (vreek Delectus, or New Analecta Mimfra, Rvo. to. Od. 

Walford's Card i>f the Greek Accidence, 8vo. Is. ; of the Greek Prosody,8TO. Is* 
,, Greek A(H«nts, M. ; Greek PrepcisititmH, in. ; Qrssk .Syntax .... is, 
Yonge's Exercises in Greek Prose €k>mposition, 12mo. (Kay, Is.) to* Od. 

HINDUSTANI WOBKS in ENGLISH TYPE. 

Eaatwick's (JulistAn „ 

„ Prem ^^AfAT » 

Mather's Claris to New Testament and Psalma 

Williams's BA^h o BaJiAr 

„ and Mather's Introduction to HindtlstAnI, ISmo. ts.Od. 
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OSOG&APHY, GAZETTEERS, fto. 

Adanm^B OsoffraphioB] WordUBxpoaltor, TMrdJMUkmt Umid, ......«,«... ai.Od. 

Bowman'8 QuMtloiw on HaU'a Plrat or Bleineiitary Atl&«, 12mow ft. 

„ „ H*Leo«i'8 Physical Atlas, ISmo .'...Is. 

Bntler't AiielMita«offraphy,postHTo.4e.; Butler's ModemGeogTapfay,post8vo.4s. 

M Modem and Andent ()eo((raphy complete, pottHro 78. 0d. 

Cabinet Gkwetteer, by the Author of the CcMnet Lawper^ fcp. Sro. lOs. 6d. 

CunninRham's Abridgment of Butl^r'n Oeography^ fop. 8to Se. 

Dowlinic's Introduction to QoMmmith't rMoi/rufyAy, IHmo ..... 9d. 

„ Questions on OoMm»<M'« tf0O0rap4|f* ltimo.(K«y,9d.) Od. 

Falmouth's Conversations on Ueoicraphy, orCliild'Kl-irst lntr(idactkm«fep. 78. 6d. 
Goldsmith's iframnuu- of General Ueoicrairfiy, Ccp. 8vo. (K«y, Itimo. Is.) .... 3s.6d. 

Busy's First GeoKraphy for the memeiitiury Classes, Itoio. 9d. 

„ Progressive Geoteraphy, in LesHonH and Kxerdses, ISmo Ss. 

Hughes's(£.) (Geography for iiSlementary Schools, l8mo.. Is. 

„ OutllneH of Physii^l <ieoKraphy, ls!mo. 8s. 6d. 

„ Examiiiation-QiiestionM on Fhifnieai Oeograpkp^ fcp. 8vo. .... Od. 

„ Outlines of Scripture GeuKraphy and History 4s. 6d. 

Hughes's (W.) Manual of GeoKraphy, Physical, Industrial, and P<rfitical .. 7s. fld. 

„ „ British (ieuKraphy, fcp. Hvo 28, 

M „ Mathenmtical Geography, fcp. 8vo 4a. 6d. 

M Genera] Geography, in OFM^'ii 5eAoo/ SIbHss, ISmo. 9d. 

M British (vet^craphy, tn Gleiff'n School Serien, IMno. 9d. 

„ Child's First Geography, in OMv't School Swms, 18mo. M. 

Johnston's New General Gazetteer ol the World, nvo. 80b. 

KelthGntheGlobes,byTaylor,LeMesurier,andMiddleton,12mo.(K«y,i8.6d.; 0s. 6d. 

Ai'Leod's Geography of PaloHtiuii or the Holj* Land, i2mo Is. 6d. 

,, Quesii«ms in Physical and Political Geography , 12mo Is. 

Mangnall's Compendium of (Geography, for Schools, 12mo 7s. 6d. 

Maunder's Treasury of (Geography, uouipieteil by W. Hughes, fop. 8vo. .... lUs. 

Stepplng'Stoue to Geography, in Question and Answer, 18mo Is. 

Sterne's School (^eograpiiy, Pliysical and Political, i^mo. 8s. M. 

Suilivau's Geography Generalised, l:tnio ts. 

„ Introduction to («eography and History, ISmo la. 

Wheeler's Geography of Herodotus developed,explaiued, and lUustrated,8vo. 188. 

GEOMETBT. 

Lund's Geometry as an Art, with Easy Exercises, fcp. 8vo Sb. 

„ M ft Science, with Easy Exerdttes, fcp. 8vo. Is. 6d. 

„ M and Mensuration, fci). 8vo. 7s. 

Nanien's Elements of Geometr>', for Sandhurst College, 8vo lUs. M. 

Tate's Principles of GeometTy , Meusuraiiou, Trigonometry, Ac. 12mo. .... Ss. 6d. 

GEADXrSSS. 

Brasse's Greek Onidus, or Prosodial Lazieon, Svo. Ua. 

Maltby's New and Comirfete Greek Gradus, Hvo. 21s. 

Youge's New Latin Gradus ad Paniassum, poet 8vo. (with EpUM», Us.) . . As. 
M Dietiouacy of Lutiu Epithets, post ttvo 8s.6d. 
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HISTOBICAL and MISCEIXAl^OUS 8CFO0U13OOK8. 

AnthonyV PnorRtepn to Enfflish Hiwrnry, Hep. Ss.; to Fr.->neh Hlttoiy, lopw.. ti. 

Balfhitr'B Hketrhen of Rnicllnh Utorature ." ?•. 

Brewer's Elementary Allan of History and r^eoerapby, royal f^ro lit. M. 

Prowne'fi AnHpnt '}reei«, t8mo. Bd. : Browne's Ancient Rome, ISmo* 0d. 

ChiM'eFlrHt Hlnrory of Rome, ffep. Rvo ta.8d. 

Comer's HUtorlral Qnostions, or Sequel to MangnaWt^ ISmo. St. 

Crowe's HUtory of Krance, Vol. 1.8vo 14e. 

Parr's School and Family History of Rnsdand, ISmo fit. M. 

First History ofGreero, by AnthoroftheCA^///'«fVnr^ff/j(^or]r(tffimM,fop.8vo. 8B.8d. 
Oleiff'e England, or First Rook of History, IRmo. (cloth, <8.) la. fld. 

M British C4>Ionies. or SetHind Itook of History, 18mo. OiL 

M (, (ivlia, or Third Rook of History, IBmo 9d. 

M Sacred History, or Fourth Rook of History, ISroo. (cloth, Sa.) 1*. M. 

HlstAriral Questions. P a rt I . On the above Four H istories, 18mo Oil. 

GleiK's Hl8tor>- of FYHUce, l«mo 9d. 

Humphreys's British (tovemment in India, fcp. 8vo. Sa. fid. 

Keiffhtley's Outlines of H istory, fcp. 8vo Ss. fid. 

Kemp's Conversations on Enicland as it was and is, fcp. 8vo. Oa. 6d. 

Mackintosh's Rnvland. i vols. 8vo tie. 

Uammall's Historii-al and Miscellaneous Questions, 12mo is. fid. 

Mann's l^essonsin Oeneral Knowledue.or Rlementar>' Iteadin|(- Book, fcp. Svo. Sa. fid. 

Marcet's Conversations on the History of England, l8mo 8a. 

Mannder's Historical Treasury, fcp. 8vo lOa. 

Menxies' Anal.vsis of the Constitution and History of EnKland, ISmo. la. 

Merivale's Romans under the Empire, Vols. I. to VI. 8vo £4. 10s. 

M Fall of the Roman Empire, 12mo 78.fid. 

Marr'sLiiBRixAae ftl.itrnturrof Ancifni Grerce.Svol* Svo.»te ; Vol. IV. l^;VoI.V. 18s. 

Schmitz's Greece, mainly based on TkirlwcUl% Itmo. with 187 Woodcuts... 7s. 6d. 

Scott's Scotland, 2 vols. fcp. 8vo 78. 

Slater's Compendium of Ancient History, Ac., post 8vo. 7b. fid. 

Stephen's I.ectures on the Historj' of France, 2 vols. 8vo. £ia. 

Stepping-stone to Ensrlish History, in Question and Answer, lAmo. la. 

„ M French History, in Question and Answer, ISmo la. 

„ „ Grecian History, in Question and Answer, ISmo. is. 

„ „ Roman Historj', in Question and Answer, l8mo. la. 

Sterne's Questions on Generalities, Ist Jk 2d Series, l2mo. each (Keys, ciu4t.) Si. 

Thirlwall's History of Greece, 8 vols. 8vo. £8 ; or in 8 volt. fcp. Svo. 88i. 

Tytler'sElemento of General lli8tory,8vo. 14i, 

JUVENILE WORKS. 

Journal keiit dnriuK a Summer Tour Abroad, fcp. Sro.. 8i. 

Marcet's Rich and I*oor, IHmo la. 

„ Story-Book for Y<»unn Cliildren, ISmo 4 ts. 

M Beasuuit, or Stories tor ver^- Younx Cldldren, 4 vols. ISmo. each. . . . Sa. 

M Willy's Holidays, or (^onverHii lions un (lovetnmeut, Iciuio St. 

M M Stories tor VowiK Children, ISmo. Sa. 

M M Travels on the RuUruad. iMmu. Sa.fid. 
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LAVB-SUKVEymO and HENSX7BATI0K. 

Boucher's Mennuration, Plane and Solid, with 71 Fiimreii. ISmo 8s. 

Land's Blements of Mensuration, fcp. hvo. .Ik. Ad. ; Ket, hy Colder 9a, 

NesMfifs Treatise on Prairtical Land-Surveyinir, with iMi Examples, 8tow. . . .19s, 

M „ ,. MenBuration, IStno.^Key.Ss.^ 6b. 

Sootf 8 Mensuration and TriRonometry, for sandliunt OoUefre, Rvo 9s. 6d. 

Tate's Principles of Mensuration, Land-SurveyinK, Levelling, Ac, 12mo. ... Ss. 6d. 

LATIV 0SAMXAB8, EXSBCI8E-B00KS, fto. 

Abbott's Second Latin Book, ISmo. U.M. 

Barrett's Little Arthur's Liatin Primer, 12mo It. 

M Latin Exenises for the Lowest Form, Itmo Ss.6d. 

BradDey's New Latin Prose Rxenises, l!imo. (Key, Se.) 8s. 6d. 

ColUs's Praxis Latina, Pt. I. for BeffiniterK,i».M,i Pt. II. far Adoaiumd Pupils 3s. 

Hiley's Latin (irammar, 12ino. .Im. ; liatin Exercises, 12mo 2s. 

Howard's Introductor>' Latin Bxercises, 12mo 2e. 6d. 

„ Latin Exercises Extended, l2mo. ( Key, 2e. Ad.) , . . . 8e. 6d. 

Kennedy's Elementary Grammar of the Latin Lantmaxe, 12mo ^ 8s. 6d. 

„ Latin Vocabulary, on EtymoIo»rical Principles, 12mo. 8s. 

„ Child's Latin Primer, or First Lessons, ISroo It. 

M Tirocinium, or First Latin Readintc-Pook, 12mo. 2s. 

„ Palaestra Latina, or Second Latin Readiuie-Book, 12mo. ^ . . St. 

M t« .^tili Latini, or Latin Proee Materials, 12mo. ts. 

M Curriculum Stili Latini. 12mo. 4s. Ad. ; and Kbt 78. (ML 

Minor's Selections fi'om TJke Spectator for Translation, 12mo 8e. 6d. 

Moody's New Eton Latin Grammar, in BiiKlish, i2mo. (Accidence, Is.) .... 28. 6d. 

Pycroft's Latin Grammar Practice, 12mo 2s. 6d. 

Rapier's Second Latin Verse- Book, by Arnold, 12mo. (Key, 2s. 6d.) Ss. 64. 

Yalpy's Elements of Latin Grammar, witli short BuKlish Notes, 12mo. .... 2s. 6d. 

„ EleKantie Latins, 12uio.( Key, 2s. Ad.) 4B.6d. 

M " Latin l>electus, improved by White, i2mo. ( Key, Ss. Ad.) 2s. 6d. 

„ Second Latin Delectus, 8vo 6s. 

M Manual of Latin EtymoloKy, fcp. 4to 7s. 

„ Sacne Historis; Epitome, with EiiKlish Notes, ISmo. 8Sr 

Walford's Latin Ele»riacs,2 Series, 12mo.each iSs.Ad. ; Key to Fimt Serie»,iAmo. 6s. 
M 8hUlinKLatinGnunwar.12mu.l8.: Grammarof Latin Poetry,i2mo. Is. 

„ Hinu ou Latin WritiuK, royal Hvo U.Ad. 

„ Exercises in Latin Prone, adapted to the above Hinta^ 12mo 2s. tfd. 

M Card of Latin Accidem-e, Prtwod^-, and Syntax, each « . . Is. 

White's New L«atin (rrammar, inimpleie, 12mo Ss. Ad. 

„ Latin AMddence, 12roo. Is.; White's Eton Latin Grammar, 18ma. la. tkl. 

„ Second or l^arxer Latin Grammar, 12mo. Is. 6d. 

„ Latin Suffixes, post 8vo 5,, 

Wilkins's Notes for Latin Lyrics, for the use of Schools. 12mo is. Ad. 

Tonge's Exercises for Latin Verses and Lyrics out of " Own Sense," ISino. . 48. Ad. 

„ „ in Latin Prose Composition, I2ino. ( Key, Is.) fts. 6d. 

Zumpt's Latin Grammar, translated and adapted by Dr. L. Schmitz, 8vq. . . . 14b. 
M School Grammar of the Latin Lauteuaiee, by the Sttme, l2mo 48. 
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LATDT and OBEEK LEXICONS. DICTIOHABIES. te. 

Bloomfleld V Greek-RnarUiih I^exlcmi to the N«w TMitament, flep. Aro lOs. 6d. 

EusllBhTnan'B Greek rnnmrdanrv of the New Tentament, rnrrml Avo. 4li. 

Rfrh'wrilniitnited Companion tothel^tin Dirtlonarj and Greek LexIcon.pJ^ro. Sit. 
Rlddle'e liatln-RncIlKh and RnsHfih-tiatin Dictionary, Rva21i.{ aadaq.lSiiio.lti. 

M Diamond Latin-RnirliRh Dictionary, royal 82mo. 4a. 

M CopiotiB and Critiral hatin-Enslifih I<exiroti, 4to. Sla. 6d. 

M Latin-Rnsliflh Dirtionary, 8vo. l.Vi.; aqiuuv tSmo. 7e. 

M EnKliBh-Katin Dictionary, Rvo. 7*. : square ISmo Se. 6d. 

M and Arnold's Rnvlifih-ljatin Ijexiron, 8vo. tfta. 

n •* Rnarlinh-I^atin Dictionary, hy Rhden, sqnarepottSvo. lOa. M. 

Rohftiaon'a Greek-Rnsdiah liexicon to the New Testament, 8to 18a. 

Tense's Dictionary of Latin Rpftheta, postSvo. SB.6d. 

M New Rnslish^Greek Lex1mn,4to. tit. 

M LatinGradus, poatSvcds.; orwUh4P|W«Mlte4/'<Qp<£M» 1S|» 



LATDT CLASSICAL AXTTHOBS. 

CiBSJJL's Commentaries, with Rnfflisb Notes, Ae. by Anthon, Itmo 4c. M. 

«( „ Anthon's Riiition, as above, improveil by Hawkins, ISmc 4«. 6d. 
Cicsxo'8 IMeet Orations, with Rncrlish Notes, by Anthon, ISmo. ts. 

„ Ca/o itc0or and Latiua, with Rnsrlish Notes ftc. by White, ISmo. Ss. 6d. 
CoKirvLnTB Nbpob, Rnirllsh Notes, &c. by Brailley, Improved by White, ISmo. Sa. 6d. 
EiTTBOPTiTB, with Rnsrlish Notes, &c. by Bradley. Improved l^ White, l2mo. Ss 6d. 
HosACi, with English Notes by the Rev. J. E. Yonse. P a rt I . Odim and ^podet Sa. 

„ M H PabtII. 5!ciMrM and JS!pi«//«t, ISmo. &k6d. 

I, Emrllsh Notes and Strictures, by Girdlestone and Osborne, ISmo. . 7a. €d* 

M with short Rnsrlish Notes, by Valpy, l8mo ts. 

Ltvt, the First Five Rooks, with Rnglish Notes, &c. by HIckle, poet 8vo. . . 8a. 6d. 

„ '8 Rome, Drcadb III., Part I., b)* Dr. B. R. Humphreys, Hvo. 8a. 6d. 

OvTt>'% Metamorphoses, Rn^H. Notes, ftc. by Bradley, imffroved by White,lSmo. 4a. 6d. 
Ovid and Tibdllub. the Eton Selection, with Rnidirth Notes by Valpy, ISmo. 4a. 6d. 
PHiBDBUB, with Rntflish Notes, ftc. by Bradley, Improved by White, ISmo. Sa. 6d. 

Sallubt. with English Notes, ConiraeiitM^, ftc. by Anthon, ISrao. 5a. 

Taottub, Oermania and Affrieoia, with Enidish Notes, ftc by White, ISmo. 4a. 6d. 
Tbbsngb, ftom Reinhardt's Text, with RnKlish Notes, ftc. by Hivkie.lSmu. As. 6d. 
YiBGiL, Watoier's Text, with Notes aiidfliNNi Refereuues, by Pycroft. ISmo. 7s. 6d« 

M with short English Notes by Valpy, 18mo 7s.6d. 

MATHEMATICS. 

Cape's Course of Mathematics, for Addiscombe CoUeate, Svols.Svo. til. 

Hj'mers on Differential Equations. 8vo ISa. 

M 's Plane and Spherical TrliTonometry, tivo 8a. 8d« 

Salmon's Treatise on Conic Sectious, 8vo ISa, 

Tate's .Mathematics for Working Blen, Part I. ArithtMtie and Alastra^ Svo. Sa, 
Wriffley's Collection ot Mathematical Exiunples and Problems, 8vo. ........ 8a. 6d, 

KENSUBATION Um '* Land^urveying"). 
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MUSIC-BOOKS, fto. 
Formby'ft YouiiKriiiucer** Book of Songs, 4to ,, St.6d. 

M CoUeutiuti uf Forty Amuaing Bounds and Catches Is. 

M Sacred SoiiKB. 4to 8s. 6d. 

„ Sixty AmusiiiK Songs for Little SinKers, 4to 2s.6d. 

StepplngSHoiie to Music, In Question and Answer, ISmo Is. 

NATURAL HISTOBT. 

Lee's Klemeiits ot Natural History, or First Principles of Zoology, fcp. Sro. 7s. 6d. 

Marcet's Ltensotis ou Aniinals, Vegetables, and Minends, 18mo. 2s. 

llauiider's Treasury of Natural History, fey. tfvo 10s. 

Owen's Natural Uiotory for Beginners, in Qleig't Serim^ ISmo. (efo/A, 2s.) . .Is. 6d. 
bteppini^Stone to Natural History, in Question and Answer (doth, is. 6d.) . 2s. 

PUBLIC SPEAEIKO. 

Bowton's Debater, or New Theory of Public Speaking, fcp. 8?o. te. 

BELIOI0U8 and MORAL WORKS. 

Bloomfield's lancer Greek Tetttainent, with oopioos English Notes, 2 y. Sro. 48s, 

M ColleKC and School Greek Testament, Euglish Notes, fcp. 8vo.. . 7s. 6d. 

n M „ Lexicon to tlie Greek Testament, fcp. 8vo...lUs.6d. 

Conybeare ft Howson's Life & Epistles of St. Paul, 2 vols, square crown 8to. Sis. «d. 

Ck>tton's Short Prayers for Boys, iSmo. ls.6d. 

„ Introductiou to Coiiflrmatlon, l^mo. 2s.6d. 

Englishman's Greek Concordance of the New Testament, royal 8ro. 4Sb, 

„ Hebrew Concordance of the Old Testament, 2 vols, royal 8vo.7Ss. 6d. 

Oleig's Sacred History, 18ino. (c/oa, 2s.) ls.6d. 

Home's Introduction to the Study and Knowledge of the Scriptures, i t. Svo. 78s. 6d. 

M Compendium of Ditto, 12mo. Os. 

Howson's Twenty Sermons for Schoolboys, fcp. 8yOi 2s. 

Humphreys's Manual of Moral Philosophy, fcp. Svo, 2s. 6d. 

Jones's Liturgica- Class-Book, 12mo l8.6d. 

Herivale's Christian Records, fop. 8vo. 7s.6d. 

Palsy's Evidences of Cliristianity and Hone Paulina, hy Potts, Svo. 10s. 6d. 

Beadings for Every Day in Lent, flrom Jeremy Tsylor, fcp. 8vOi 6b. 

„ a Month preparatory to Confirmation, tiep.8vo................ 4s. 

Middle's Manual of Scripture History, fcp. 8vo. 4s. 

„ Outlines of Scripture History, fcp. 8va 2s.6d. 

Bobinstrn's Greek and English Lexicon to the Greek Testament, 8vo. ISs. 

Sewell's (Mrs.) Catechism of Early English Church History, fcp. 8vOw 2s. 

„ (Miss) History ofthe Early Church, ISmo. 4s. 6d. 

Stepping4SUme to Bible Knowledge, in Questi(m and Answer, ISmo. Is. 

Taylor's Word>Pictures from the Bible, 12mo. 4s. fid. 

Tomline's IntroduoUou to the Study of the Bible, fcp. Svo 6s. 6d. 

Yalpy's Latin Epitome of Sacred History, ISmo. 2s. 

London : LONGMAN, GREEN, and CO., le^XctivwiJwft ^wr. 
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SCIENCE in OENEEAL, If ATUBAL PHIL080PHT, fto. 

Book of Domestic Eouuuiny , in UleiK's School Serin, Ittno M. 

Brewster's Treatise on Optics, fcp.tjvo 8«.6d. 

Dowuing's Elements of Practical Hydraulics, 8yo 6s. 

Faraday's Lectures on the Noii-metallic Elements, fop. 8to. fts. 6d. 

Galbiaith and Uaughton's Manual of Hydrostatics, 12mo 2s. 

„ M M Mechanics, 12mo Ss. 

•, M •» Optics, 12mo tt. 

„ M Manuals of Natural and Experimental Scienca . . 

Greene's Manual of the Sub-Kingdom Protozoa, fcp. 8vo Cs. 

Herschel's Preliminary Discourseuu the Study urNaturalPhikM(^hy,fc|».9ro. te. 6d. 
Main and Brown's Marine riteam-Enidne, 8vu 12b. 6d. 

„ „ Questions and Examinution-Papers on ditto, 8vo. 48. 6d. 

„ „ indicator and Dyuamonieter,8vo 4a. 6d. 

Mann's Book of Health, ill Glei»('s &;Aoo£ JieriM, Ibmo 9d. 

Marcet's Conversations on Natural Philusuphy 10s. 6d. 

„ „ Land and Water, 8vo fts.6d. 

„ „ Vetfetable PhysioloKy 9i. 

Maunder*s Scientific and Literary Treasury, fcp. 8to 10a. 

Moseley's Illustrations of Practical Mechanics, fcp. 8vo. 8«. 

Pattihon's Earth and tlie Word, fcp.8vo 8b.6d. 

Peretra's Lectures on Poiariiied Li^ht, edited by Powell, fcp. 8to 7s. 

Peschel's Elements of Phj sics, transUted by E. West, i vols. fcp. 8vo. 21s. 

PliiUips's Guide tu Geoluto' . 4tA Edition, fcp. 8vu. Plates te. 

„ Treatititf un GeoluKy * 2 vols. fcp. 8vu. Vignettes, Ao 7s. 

Piesse's thymical. Natural, and Ph3 sical Matdc. fcp. 8vo 8s. 8d. 

8teppluK*:^tune tu Animal and VeKCtable Ph^'siuloKy, L8mo. Is. 

Tate's Course of Natural and Experimental Pldlosophy, i vols. ISmo. 5s. 8d. 

„ Electricity, simplitied for Uetfinuers, Ibmo 9d. 

„ Elements of Mecliaiiism, 12mo Sa.6d. 

„ Hydrostatics, Hydraulics, and Pneumatics, for Bet^nners, 18mo. .... 9d. 

„ Lessons on Meclianics and Natural Philosophy, Itnio. (Key, 3s. 6d.). . 2s. 

„ Light and Heat familiarly explained for lieginners, 18mo. Sd. 

M Little Philosopher, or Science of Familiar Things, Vol. 1. ISmo. . . . Sa. 6d. 

M Natural History of Familiar Tldngs, i8mo. 9d. 

M Magnetism, Voltaic Electricity, and Eleatro<I)ynamics, 18mo ML 

u Mechanics and Steam-Engine simplified for Hegiimers, 18mo 9d. 

M Principles of Mechanical Philosophy applied, 8vo 10i.6d. 

TRIOOKOMETBT. 

Colenso's Plane Trigonometry, Past I. with Loffaritkm$tlSmo. (Key, 8s.6d.) Sa. 6d. 
,« •» „ Pabt II. withiVo^i/MM, 12mo.(K«y,6a.) .. tB.6d. 

Galbraith and HaughtoQ's Manual of Trigonometry, i:Smo 2a. 

Jeans's Plane and Spherical Trigoaometr}*, Pakt 1. 12mo. 4a. s Past 1L . . . . 4a. 
Scott's Plane Trigonometry and Mensuration^ for Sandhurst College, 9vo,. . 9a, 6d. 
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AoiTDon: rmxMTMO ax SPOTllSWOOUt & ViO. »a^ wsavai «<%x}kKa. 



KNOWLEDGE FOR THE YOUNG. 



The STEPPING-STONE to KNOWLEDGE: ConUining 

nnnrdi ol Seren Handrgd QntHUocBind Adiwsti ou ULiceUineaua Bubjecu, adapted 
LD tbA capv^lt; of Inbiit Minds. By A UOTRBH, Htw Edition, Bolar^ ana 
improTed. ISmo^ priee One smiing 

By the lame Jutkor, New EDtTioNs ; — 
The STEPPING-STONE to GEOGRAPHy: Contaiiiiiifr 



One aiJIUng. 

The STEPPING-STONE 

The STEPPING-STONE lo BIBLE KNOWLEDGE: 

OoDUlnlng Hieral hnndrsd QnntlDiii and Anawen w Hie (Hd ud Nsir TeMaounti 
ISmo. piln One Shilling, 

The STEPPING-STONE to BIOGRAPHY: Containing 

■sversl hnndnd QDestiong and Ansirenon tliaLlieiaf EvluaDlHen and Women. 
IScaa.prtn Oh BUUIng. 



HI 1^4 PjwidL Lan^no^. ISmo, pric« One Sb 

SADLER'S STEPPING-STONE to ENGLISH GRAM- 
MAR : CDntnlnlng Hvenl bnndred ()iiHt[ani and Aninn on KngUih Orammar, 



Mr*. SHIELD'S STEPPING STONE to ANIMAL and 

TEOETABLE PHYSIOLOGY. Ol 
auil Uliutrated wiUtnuny WoodiTiiI 






Miss PARKHURST'S STEPPING-STONE to ROMAN 

BISTORT: Gonlalnlng HyBral hundred QuesUoni and Aumsn «i the Hlaton ol 
Romt, adapM lo the apadly ot roung Hinds. ISmo. price One ShIIUng. 

Miss PARKHURST'S STEPPING-STONE to MUSIC: 

JmW^m MTmJtandred QuertlonB on the 8<4enr» i alu a ihort Hlbtorj of Hulc, 

Th. 



Containing uven , „.,.„ „ „„, . 

BedtotbauiiacltjorVDnthrnlKiDdB. IBoio. price One ShlUlng. 



The STEPPING -STOy' 

ureral hundred Hininiir Queetioiii | ■ 
■ImplUlAd to Um capiolt/ of Ilie YaJfl 

Ijondon .- JDONGMAN, d ' _ 




